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(54) SEISMIC BASE ISOLATION DEVICE AND EXPOSURE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To carry out efficient control of an 
actuator and prevent unnecessary heating of the actuator. 
SOLUTION: The control mode of an exposure body portion 40 is 
set in accordance with the operation mode of a moving body by a 
target value output section 44. In accordance with this set 
control mode, a controller 1 1 controls actuators 7A to 7D, 32A to 
32C on the basis of outputs of displacement sensors 10Z1 to 
10Z3, 10Y1, 10Y2, 10X and oscillation sensors 5Z1 to 5Z3, 5Y1, 
5Y2, 5X, thereby carrying out oscillation control and position 
control of the exposure body portion 40. Therefore, efficient 
control of the actuators in accordance with the operation mode 
of the moving body may be realized, and excessive driving of the 
actuators may be avoided. Thus, unnecessary heating of the 
actuators can be prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] At least three vibration removal pads are minded, [t responds to the mode of operation of said 
mobile, the shock absorbing desk held almost horizontally and; — the mobile which moves on said shock 
absorbing desk, and; — two or more actuators and; which drive said shock absorbing desk — the 
displacement sensor which detects the variation rate of said shock absorbing desk, and; — the sway 
sensor and; which detect vibration of said shock absorbing desk — A setting means to set up the control 
mode of said shock absorbing desk; vibration removal equipment which has the 1st control system which 
controls said two or more actuators based on the output of said displacement sensor and a sway sensor 
according to said control mode. 

[Claim 2] Vibration removal equipment according to claim 1 characterized by including the 1st mode in 
which only said target set point and said target setting range of the setting ranges can be changed, and 
the 2nd mode which both said target set point and setting range can change as a mode of operation of 
said mobile. 

[Claim 3] Said two or more actuators contain at least three actuators which drive said shock absorbing 
desk in the direction of a vertical in a different part, [t has the pneumatics control circuit which controls 
the flow rate of the air supplied to said vibration removal pad. Vibration removal equipment according to 
claim 1 or 2 characterized by having further the 2nd control system which amends a part of amount [ at 
least ] of inclinations of said shock absorbing desk produced by migration of said mobile by driving said 
pneumatics control circuit based on the output of said displacement sensor. 

[Claim 4] Said setting means is vibration-removal equipment according to claim 2 or 3 characterized by 
the thing which responded to the migration command value of said mobile, and for which said target set 
point is set up so that it may incline, an amount may be predicted and the amount of inclinations of said 
shock absorbing desk may be in agreement with the prediction result by calculating the amount of 
inclinations of said shock absorbing desk based on the migration location of said mobile, and the spring 
constant of said vibration-removal pad, when the mode of operation of said mobile is said 2nd mode. 
[Claim 5] It is the aligner which exposes the image of the pattern formed in the mask on said sensitization 
substrate through projection optics, carrying out step migration of the substrate stage holding a 
sensitization substrate. At least three vibration removal pads are minded, the shock absorbing desk held 
almost horizontally and; — at least one migration stage including said substrate stage where it moves on 
said shock absorbing desk, and; — two or more actuators and; which drive said shock absorbing desk — 
the displacement sensor which detects the variation rate of said shock absorbing desk, and; — vibration 
of said shock absorbing desk The sway sensor to detect; It responds to the equipment mode of operation 
relevant to migration of said substrate stage. A setting means to set up the control mode of said shock 
absorbing desk; the aligner which has the control unit which controls said two or more actuators based on 
the output of said displacement sensor and a sway sensor according to said control mode. 
[Claim 6] The aligner according to claim 5 characterized by to include the 1st mode in_which move as said 
equipment mode of operation on said stage by having a detection means detect the mark formed on said 
sensitization substrate, position a sensitization substrate in a predetermined exposure location, and said 
exposure is performed, and the 2nd mode in.which move on said substrate stage and said detection 
means detects said mark. 

[Claim 7] The aligner according to claim 5 or 6 characterized by having further the 3rd mode which moves 



said substrate stage to a predetermined delivery location in said sensitization substrate receptacle **** 
sake as said equipment mode of operation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to vibration removal equipment and an aligner, and relates to 
the aligner equipped with the so-called vibration removal equipment and this vibration removal equipment 
of the active method which drives a shock absorbing desk with an actuator in more detail so that vibration 
of a shock absorbing desk may be negated. 
[0002] 

[Description of the Prior Art] Fine vibration which acts on a surface plate (shock absorbing desk) will 
need to be insulated from the installation floor on micro G level with highly-preciseHzing of precision 
mechanical equipments, such as the contraction projection mold aligner of a step-and-repeat method, i.e., 
the so-called stepper etc. Various things, such as a mechanical damper, an air operated damper, etc. 
which put in the compression spring into damping liquid as a vibration removal pad which supports the 
shock absorbing desk of vibration removal equipment, were used, and the vibration removal pad itself is 
equipped with a certain amount of centering function. Since especially pneumatic spring vibration removal 
equipment equipped with the air operated damper can set up a load rate small and insulates vibration of 
about 10Hz or more, it is widely used for support of a precision mechanical equipment. Moreover, recently, 
in order to overthrow the limitation of conventional passive vibration removal equipment, active vibration 
removal equipment is proposed. This detects vibration of a shock absorbing desk by the sensor, by driving 
an actuator based on the output of this sensor, is vibration removal equipment which performs oscillating 
control, and can give the ideal vibration isolation effectiveness which does not have a resonance peak in a 
low frequency control band. 
[0003] 

[Problem(s) to be Solved by the Invention] In a stepper, the X-Y stage (wafer stage) which performs big 
acceleration and deceleration is carried on the surface plate held at the vibration removal pad, and the 
center-of-gravity location of the body of an aligner moves to migration and coincidence of an X-Y stage. 
With active vibration removal equipment, when the center~of-gravity location of a body changes with this 
stage migration, it positions to an initial valve position by the position control loop formation, but if stage 
movement magnitude becomes large, the center-of-gravity location variation of a body also becomes 
large, and a body inclines. This amount of inclinations and the thrust needed for an actuator in order to 
become large and to amend this become large with increase of the center-of-gravity location variation of 
a body, in addition, with the active vibration removal equipment applied to the conventional aligner About 
the target set point for performing amendment and vibration deadening of the amount of inclinations of a 
surface plate (shock absorbing desk) The output value of each displacement sensor in case each stage (it 
is a reticle stage further in the case of a wafer X stage, a wafer Y stage, and a scanning aligner) is located 
in a criteria location is^sed. Moreover, about the target setting range, it had set up uniformly based on 
the allowed value of six degrees of freedom in the delivery location of the shot position of the exposure 
light source and a reticle loader, and a wafer loader. 

[0004] Especially with such vibration removal equipment, the calorific value generated from an actuator at 
the time of the inclination of a body is large, and the temperature change of the environment where the 
aligner is placed becomes large. The temperature change of this environment having affected the 
accuracy of measurement of the laser interferometer which measures the location of an X-Y stage, as a 



result having un-arranged [ of causing degradation of the positioning accuracy of a stage etc. ]. 
[0005] It is in offering the vibration removal equipment [ this invention was made under this situation, and 
the control action of an efficient actuator is possible for the purpose of invention given in claims 1 and 2, 
and ] which can prevent unnecessary generation of heat of an actuator. 

[0006] Moreover, in addition to the purpose of invention given in above-mentioned claim 1, the purpose of 
invention given in claims 3 and 4 is to offer the vibration removal equipment which can prevent generation 
of heat of much more actuator. 

[0007] Moreover, claim 5 thru/or the purpose of invention given in 7 are to offer the aligner [ the control 
action of the efficient actuator according to the mode of operation of a substrate stage is possible, and ] 
which can control the temperature change of the environment by unnecessary generation of heat of an 
actuator. 
[0008] 

[Means for Solving the Problem] the mobile (20) which the vibration removal equipment concerning 
invention according to claim 1 moves on the shock absorbing desk (6) held almost horizontally through at 
least three vibration removal pads (4A-4D), and said; shock absorbing desk (6), and; — two or more 
actuators (7 — A to 7 D) which drive said shock absorbing desk (6) 32A-32C; the displacement sensor 
which detects the variation rate of said shock absorbing desk (6) (10 X) 10Y1, 10Y2, and 10Z1 to 10Z3; 
the sway sensor which detects vibration of said shock absorbing desk (6) (5 X) 5Y1, 5Y2, and 5Z1 to 5Z3; 
[t responds to the mode of operation of said mobile (20). A setting means to set up the control mode of 
said shock absorbing desk (44); according to said control mode, it has the 1st control system (11) which 
controls said two or more actuators (7A-7D, 32A-32C) based on the output of said displacement sensor 
and a sway sensor. 

[0009] According to this, according to the mode of operation of a mobile, the control mode of a shock 
absorbing desk is set up by the setting means. And in the 1st control system, oscillating control of a 
shock absorbing desk and position control are performed by controlling two or more actuators based on 
the output of a displacement sensor and a sway sensor according to the control mode of this set-up 
shock absorbing desk 

[0010] When the mode of operation of a mobile means the mode according to the purpose of actuation of 
a mobile, for example, it positions a mobile in a predetermined location here, if that locational error 
becomes how much, whether I may judge it as positioning setting or which about should just carry out 
time amount maintenance of the setting condition will change with purposes of actuation of that mobile, 
and this locational error will be influenced by the desired value of the oscillating control and position 
control of a shock absorbing desk (attitude control), and the tolerance. 

[0011] Moreover, the control mode of a shock absorbing desk means the mode which controls vibration of 
a shock absorbing desk, and this is defined in consideration of oscillating control (control of an actuator) 
of a shock absorbing desk with more efficient setting to the desired value of the degree direction of each 
one means in the case of controlling vibration of a shock absorbing desk by two or more degrees of 
freedom and the value from which a tolerance also differs corresponding to the above-mentioned mode of 
operation of the mobile which moves in a shock absorbing desk top being attained. 

[0012] For this reason, while according to this invention the target set point and the target setting range 
of oscillating control and position control of a shock absorbing desk come out uniformly and the control 
action of the efficient actuator according to the mode of operation of a mobile of them becomes possible 
compared with a certain case like before, the positioning settling time also becomes possible [ making it 
the suitable thing according to a mode of operation ], for example. Moreover, since it is set as the control 
mode to which a target setting range becomes large according to a mode of operation when the allowable 
error of vibration may be large, the drive of the actuator beyond the need can be avoided and it is also 
possible for this to prevent unnecessary generation of heat of an actuator. 

[0013] in this case, as a mode of operation of the above-mentioned mobile As long as it is the mode set 
to the bottom of conditions which were mentioned above, what kind of the mode may be set up. Like 
invention according to claim 2 as a mode of operation of said mobile The 1st mode in which only said 
target setting range of said target set point and the target setting ranges can be changed, and the 2nd 
mode which both said target set point and setting range can change may be included. In this case, what is 
necessary is just to define predetermined characteristic value (for both the target set points of all the 
degree-of-freedom directions of for example, two or more degrees of freedom to be zero) as the target 



set point in the 1 st mode. 

[0014] Invention according to claim 3 is set to vibration removal equipment according to claim 1 or 2. Said 
two or more actuators At least three actuators which drive said shock absorbing desk (6) in the direction 
of a vertical in a different part It contains. (It is hereafter called suitably "the actuator for the direction 
drive of a vertical") (7A-7D) It has the pneumatics control circuit (37A-37C) which controls the flow rate 
of the air supplied to said vibration removal pad (2A - 2D). By driving said pneumatics control circuit 
(37A-37C) based on the output of said displacement sensor (10Z1 to 10Z3) It is characterized by having 
further the 2nd control system (56 37) which amends a part of amount [ at least ] of inclinations of said 
shock absorbing desk (6) produced by migration of said mobile (20). 

[0015] According to this, it adds to the reservation of efficient control action according to the mode of 
operation of the mobile by setup of the above-mentioned control mode. By migration of a mobile When a 
shock absorbing desk inclines, based on the output of a displacement sensor, a pneumatics control circuit 
drives according to the 2nd control system. Even if it is the case where the mode of operation of a mobile 
is the 1st mode temporarily, and the above-mentioned characteristic value is set up as the target set 
point from all or a part of the amount of inclinations of a shock absorbing desk produced by migration of a 
mobile being amended It becomes possible to reduce sharply the amount of drives of the actuator for the 
direction drive of a vertical for returning a shock absorbing desk to the original posture, and it becomes 
possible to prevent unnecessary generation of heat of the part actuator. 

[0016] In vibration removal equipment according to claim 2 or 3 like invention according to claim 4 - 
moreover, said setting means When the mode of operation of said mobile is said 2nd mode, by calculating 
the amount of inclinations of said shock absorbing desk based on the migration location of said mobile, 
and the spring constant of said vibration removal pad The amount of inclinations according to the 
migration command value of said mobile is predicted, and you may make it set up said target set point so 
that the amount of inclinations of said ****** may be in agreement with the prediction result In this 
case, by the setting means, before a mobile actually starts migration, the amount of inclinations according 
to the migration command value of a mobile is predicted. Since said target set point (it relates to the 
inclination of a shock absorbing desk) is set up so that the amount of inclinations of said shock absorbing 
desk may be in agreement with the prediction result, when a mobile moves to the location corresponding 
to a migration command value It is not necessary to drive an actuator for the attitude control (mainly 
inclination control) of a shock absorbing desk, and the 1st control system is sufficient if it drives only for 
oscillating control. Therefore, the amount of drives of an actuator is reduced remarkably and calorific 
value is controlled further. 

[0017] Invention according to claim 5 carrying out step migration of the substrate stage (20) holding a 
sensitization substrate (W) It is the aligner which exposes the image of the pattern formed in the mask (R) 
on said sensitization substrate (W) through projection optics (PL), at least one migration stage (20 27) 
including said substrate stage (20) where it moves on the shock absorbing desk (6) held almost 
horizontally through at least three vibration removal pads, and said; shock absorbing desk (6), and; — two 
or more actuators (7 — A to 7 D) which drive said shock absorbing desk (6) 32A-32C; the displacement 
sensor which detects the variation rate of said shock absorbing desk (6) (10 X) 10Y1, 10Y2, and 10Z1 to 
10Z3; the sway sensor which detects vibration of said shock absorbing desk (6) (5 X) 5Y1, 5Y2, and 5Z1 
to 5Z3; It responds to the equipment mode of operation relevant to migration of said substrate stage (20). 
A setting means to set up the control mode of said shock absorbing desk (6) (44); according to said 
control mode, it has the control unit (11) which controls said two or more actuators (7A-7D, 32A-32C) 
based on the output of said displacement sensor and a sway sensor. 

[0018] The equipment mode of operation relevant to migration of a substrate stage means the various 
modes of operation of the aligner with which the migration conditions (migration purpose) of a substrate 
stage differ here, and it is set in the same implications as the mode of operation of a mobile according to 
claim 1. 

[0019] Moreover, the control mode of a shock absorbing desk is defined in consideration of oscillating 
control (control of an actuator) of a shock absorbing desk with more efficient setting to the desired value 
of the degree direction of each one means in the case of controlling vibration of a shock absorbing desk 
by two or more degrees of freedom like the case of claim 1 corresponding to the equipment mode of 
operation relevant to migration of the substrate stage which moves in a shock absorbing desk top, and 
the value from which a tolerance also differs being attained. 



[0020] Therefore, according to this invention, if [ both ] the target set point and the target setting range 
of oscillating control of a shock absorbing desk come out uniformly and the control action of the efficient 
actuator according to the equipment mode of operation relevant to migration of a substrate stage of them 
becomes possible compared with a certain case like before, the positioning settling time will also become 
possible [ making it the suitable thing according to a mode of operation ], for example. Moreover, since it 
is set as the control mode to which a target setting range becomes large according to a mode of 
operation when the allowable error of vibration may be large, the drive of the actuator beyond the need 
can be avoided and it becomes possible to control the temperature change of the environment by 
unnecessary generation of heat of the actuator which affects exposure precision by this. 
[0021] If it exposes carrying out step migration of the substrate stage holding a sensitization substrate, 
both the equipment of a quiescence exposure mold like the aligner (the so-called stepper) of the 
contraction projection mold of a step-and-repeat method and the aligner of a scan exposure mold like the 
aligner of step - and - scan mold are contained in the aligner of this invention. 
[0022] As the above-mentioned mode of operation, although various things can be considered for 
example, in having a detection means (23) to detect the mark formed on said sensitization substrate (W) 
like invention according to claim 6 The 1st mode in which move on said substrate stage (20), position a 
sensitization substrate (W) in a predetermined exposure location as said equipment mode of operation, 
and said exposure is performed, The 2nd mode in which move on said substrate stage (20) and said 
detection means (23) detects said mark may be included, in this case, when it sets, for example, the 
exposure light source is prepared in a shock absorbing desk and the distant location and the detection 
means is established on the shock absorbing desk It is necessary to perform severely both oscillating 
control of a shock absorbing desk and attitude control in the 1st mode. And it is necessary to making 
desired value of oscillating control of a shock absorbing desk and position control regularity (the target 
set point of all the degree-of-freedom directions being zero) to seldom carry out attitude control of a 
shock absorbing desk to high degree of accuracy in the 2nd mode, and to change the target set point 
according to the migration location of a substrate stage. Therefore, the control mode is defined in 
consideration of these points, and control of an efficient actuator is performed. 
[0023] In addition, you may have further the 3rd mode which moves said substrate stage (20) to a 
predetermined delivery location in said sensitization substrate receptacle **** sake like invention 
according to claim 7 as said equipment mode of operation. 
[0024] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained based on 
d rawing 1 thru/or d rawing 8 . 

[0025] In drawin g 1 f the outline perspective view of the aligner 100 of step - concerning 1 operation 
gestalt and - scan mold is shown, and the outline block diagram of each part of a configuration except the 
surface plate which constitutes this aligner 100 and which is mentioned later, the 1st column, the 2nd 
column, etc. is shown in drawi ng,2 at it. 

[0026] In drawin g 1 , the rectangular plate-like plinth 2 is installed in above the floor level [ as an 
installation side ], the vibration removal pads 4A-4D (however vibration removal pad 4D by the side of the 
space back not illustrating by drawing 1 refer to drawing 3 ) are installed on this plinth 2, and the surface 
plate 6 of the shape of a rectangle as a shock absorbing desk is installed on such vibration removal pad 
4A - 4D. Here, since projection optics PL is used with this operation gestalt, the Z-axis is taken in 
parallel with the optical axis of projection optics PL, and a Y-axis is taken in the flat surface which 
intersects perpendicularly with the Z-axis in the direction which intersects the X-axis perpendicularly 
with the longitudinal direction of a surface plate 6 at this so that it may mention later. Moreover, the hand 
of cut of the circumference of each shaft is appointed at the direction of Ztheta, Xtheta, and Ytheta. In 
addition, in the following explanation, +X, +Y, + Z direction, and a direction opposite to this shall be used 
for the direction which each arrow head which shows X in drawing 1 , Y, and the Z-axis shows in 
distinction from -X, -Y, and - Z direction if needed. 

[0027] The vibration removal pads 4A-4D are arranged near [ four top-most-vertices ] the base of the 
rectangle of a surface plate 6, respectively, as shown also in drawi ng 3 . With this operation gestalt, the 
air operated damper is used as vibration removal pads 4A-4D. To be shown in drawing 3 , it connects with 
a control unit 1 1 through three pneumatics control circuits 37A, 37B, and 37C, and these vibration 
removal pads 4A-4D control the flow rate of the air supplied to the vibration removal pads 4A-4D through 



the pneumatics control circuits 37 A, 37B. and 37C by the control unit 11. That is. since the pressure of 
air can adjust the height of the vibration removal pads 4A-4D, the air operated damper serves also as the 
duty of a vertical-movement device. ... 
[0028] In drawing 1 . actuator 7A is installed by vibration removal pad 4A and juxtaposition between 
return, the plinth 2, and the surface plate 6. Actuator 7A consists of stator 9A fixed on the plinth 2, and 
needle 8A fixed to the base of a surface plate 6, and generates the energization force of the Z direction 
to the base of a surface plate 6, or the suction force which goes to a plinth 2 from the base of a surface 
plate 6 from a plinth 2 according to the directions from a control unit 11 (refer to an illustration 
abbreviation drawing 3 , and drawin g 5 in d rawing 1 ). Also in other vibration removal pads 4B 4D, 
Actuators 7B-7D are installed in juxtaposition like vibration removal pad 4A, respectively (however not 
illustrating the actuators 7C and 7D by the side of the space back by drawing,! refer to drawing^ )■ and 
the energization force or suction force of these actuators 7B-7D is also set up by the control unit 11 
(refer to an illustration abbreviation, drawing 3 , and drawing^ in drawing _1_ ), respectively. About the 
control approach of Actuators 7A-7D, it mentions later. ... 
[0029] Actuator 7A consists of stator 9A and needle 8A like the above, and stator 9A is constituted I by 
the magnetized body with which the shaft of the south pole was formed in the both sides of the shaft of 
for example, N pole, and needle 8A consists of wrap outer cases in the container liner which fits loosely 
into the shaft of N pole, the coil wound around the outside of this container liner, and this coil. And the 
force of **Z direction occurs between stator 9A and needle 8A by adjusting the current which flows in a 
coil It is constituted like [ the other actuators 7B-7D ] actuator 7A. 

[0030] On the surface plate 6. X-Y stage 20 as a substrate stage driven in the XY two-dimensional 
direction by the driving means which is not illustrated is laid. Although this X-Y stage 20 consists of Y 
stages movable in the direction of Y in this movable X stage and X stage top in fact in the direction of X 
which is a scanning direction, these are typically shown by drawing! as X-Y stage 20. 
[0031] Moreover, the 1st column 24 is implanted so that X-Y stage 20 may be surrounded on a surface 
plate 6 projection optics PL is fixed to the center section of the superior lamella of the 1st column 24, 
the 2nd column 26 is implanted so that projection optics PL may be surrounded to the superior lamella of 
the 1st column 24. and the reticle stage 27 is laid in the center section of the superior lamella of the 2nd 

column 26. _ , 

[0032] Furthermore, although illustration was omitted by drawing J. above the reticle stage 2.1, tne 
illumination system 3 shown in drawing 2 is established. This illumination system 3 consists of the light 
source 1 a collimator lens, a fly eye lens, etc. including the illuminance equalization optical system 12 
becoming (neither is illustrated), a relay lens 13, adjustable ND filter 14. the reticle blind 15, the relay lens 
16 the dichroic mirror 17 (among these, an illumination-light study system is constituted by the 
illuminance equalization optical system 12, a relay lens 13, a reticle blind 15, a relay lens 16, and the 
dichroic mirror 1 7), etc. . 
[0033] Here, if each part of a configuration of this illumination system 3 is explained with that operation, 
after the illumination light IL generated in the light source 1 passes a non-illustrated shutter, rt will be 
changed into the flux of light with almost uniform illumination distribution according to the illuminance 
equalization optical system 12. As illumination light IL, excimer laser light, such as KrF excimer laser light 
and ArF excimer laser light, is used here. In this case, the excimer laser which constitutes the light source 
1 and an illumination-light study system are prepared in the location distant from the surface plate 6 
mentioned above and the 1st column 24. and 2nd column 26 grade (having become every exception), and 
have the composition that the exposure location of the illumination light IL does not change with the 
effects of vibration of surface plate 6 grade, an inclination, etc. 

[0034] The flux of light injected horizontally reaches a reticle blind 15 through a relay lens 13 from said 
illuminance equalization optical system 12. Adjustable ND filter 14 is installed so that this reticle blind 15 
may be optically arranged in a field [ **** ] with the pattern formation side of the reticle R as a mask, and 
the exposure side of the wafer W as a sensitization substrate and may be stuck to the relay lens 13 side 
of this reticle blind 5. 

[0035] As said reticle blind 15, what adjusts the magnitude (slit width etc.) of opening is used, and the 
lighting field IAR (refer to dr awing 4 ) of the shape of a slit which illuminates Reticle R can be set now as 
the configuration and magnitude of arbitration for two or more movable gobos (for example, two movable 
gobos of a L character mold) by adjusting the magnitude of the opening by opening and closing by the 



motor. 

[0036] Moreover, adjustable ND filter 14 is set as the condition of a request of permeability distribution, 
and consists of duplex blind structure, a liquid crystal display panel, an electrochromic device, or an ND 
filter of a desired configuration. With this operation gestalt control of receipts and payments (or that 
angle of rotation) etc. is made by the adjustable ND filter control section 18, thereby, illumination 
distribution in the lighting field IAR on Reticle R can be intentionally made into an ununiformity, and this 
adjustable ND filter 14 can keep constant the light exposure on the wafer W under scan now as a result 
Usually, whole adjustable ND filter 14 is transparency 100%, and the illumination distribution in the lighting 
field IAR on Reticle R is uniform. 

[0037] The flux of light which passed adjustable ND filter 14 and the reticle blind 15 passes a relay lens 
16, results in a dichroic mirror 17, and illuminates the lighting field IAR part of the reticle R on which the 
vertical lower part bent here and the circuit pattern etc. was drawn. 

[0038] The reticle R as a mask is fixed by for example, vacuum adsorption on said reticle stage 27, and 
this reticle stage 27 is constituted possible [ a very small drive ] two-dimensional in the flat surface 
perpendicular to the optical axis IX of an illumination-light study system (this is in agreement with the 
optical axis AX of projection optics PL) for positioning of Reticle R (to hand of cut of the circumference 
of the Z-axis which intersects perpendicularly with Y shaft orientations and XYflat surface which 
intersect perpendicularly with X shaft orientations and this). Moreover, this reticle stage 27 is movable at 
the scan speed specified as the predetermined scanning direction (here the direction of X) by the reticle 
mechanical component (illustration abbreviation) which consisted of linear motors etc. This reticle stage 
27 has the migration stroke whose whole surface of Reticle R can cross the optical axis IX of an 
illumination-light study system at least. 

[0039] In the edge of a reticle stage 27, as shown in drawing 2 , the migration mirror 19 which reflects the 
laser beam from the reticle laser interferometer (henceforth a "reticle interferometer") 30 is being Fixed, 
and the location of X shaft orientations of a reticle stage 27 is always detected by the reticle 
interferometer 30 with the resolution of about 0.01 micrometers. The positional information (or rate 
information) of the reticle stage 27 from this reticle interferometer 30 is inputted into the main control 
unit 22 through the stage controller 21 and this stage controller 21. The stage controller 21 drives a 
reticle stage 27 through a reticle mechanical component (illustration abbreviation) based on this positional 
information (or rate information). 

[0040] In addition, since the initial valve position of a reticle stage 27 is determined so that Reticle R may 
be positioned with a sufficient precision by the non-illustrated reticle alignment system in a 
predetermined criteria location, it means measuring the location of Reticle R sufficiently with high 
precision only by measuring the location of the migration mirror 19 with the reticle interferometer 30. 
[0041] It is arranged caudad and the direction of the optical axis AX (it is in agreement with the optical 
axis IX of an illumination-light study system) is made into Z shaft orientations, and it is a both-sides tele 
cent rucksack here, and is used, a predetermined projection scale factor, for example, the contraction 
optical system which has 1/5 (or 1/4). [ in / in said projection optics PL / aVawing.1 and drawjng_2 of a 
reticle stage 27 ] For this reason, if the lighting field IAR of Reticle R is illuminated by the illumination light 
IL from an illumination-light study system, the contraction image of the circuit pattern of Reticle R will be 
formed through projection optics PL on the wafer W with which the photoresist (sensitization material) 
was applied to the front face of the illumination light IL which passed this reticle R. 

[0042] Said X-Y stage 20 is arranged at the lower part in 6raW\r\gJ_ 0 f projection optics PL, and drawing 
2 , and vacuum adsorption of the wafer W as a sensitization substrate is carried out on this X-Y stage 20 
through Z leveling stage, theta stage (all are illustration abbreviations), and wafer holder 20A. Z leveling 
stage is constituted possible [ the drive of Z shaft orientations, and adjustment of the inclination to the 
Z-axis ], and, as for theta stage, minute rotation of the circumference of the Z-axis is constituted 
possible. Therefore, Wafer W can be positioned in three dimension by X-Y stage 20, Z leveling stage, and 
theta stage. 

[0043] X-Y stage 20 is constituted by the non-scanning direction (the direction of Y) perpendicular to a 
scanning direction movable, and performs step - and - scan actuation which repeat the actuation which 
carries out scan (scan) exposure of each shot field on Wafer W ( and the actuation which move to the 
exposure starting position of the following shot so that two or more shot fields not only migration of a 
scanning direction (the direction of X) but on Wafer W may locate in the lighting field IAR and an exposure 



field [ **** ]. This X-Y stage 20 is driven in the XY two-dimensional direction by wafer stage mechanical 
components (illustration abbreviation), such as a motor. 

[0044] The migration mirror 25 which reflects the laser beam from the wafer laser interferometer 
(henceforth a "wafer interferometer") 31 as a location measurement means in the edge of X-Y stage 20 
is fixed, and the location in XY flat surface of X-Y stage 20 is always detected by the wafer 
interferometer 31 with the resolution of about 0.01 micrometers. Here, although Y migration mirror which 
has the reflector which intersects perpendicularly with X migration mirror which has the reflector which 
intersects perpendicularly with a scanning direction, and a non-scanning direction is formed on X-Y stage 
20 in fact and laser interferometer 31 Y for Y-axes as a location measurement means and laser 
interferometer 31 X for the X-axes are prepared corresponding to this (refer to dravyingj. and drawing 5 ), 
these are typically shown by dr awin g 2 as the migration mirror 25 and a wafer interferometer 31. The 
positional information (or rate information) of X-Y stage 20 is inputted into the main control unit 22 
through the stage controller 21 and this stage controller 21. The stage controller 21 controls X-Y stage 
20 through a wafer stage mechanical component (illustration abbreviation) based on this positional 
information (or rate information). 

[0045] Reticle R is illuminated in the lighting field IAR of the rectangle (the shape of a slit) which has a 
longitudinal direction in the perpendicular direction to the scanning direction (the direction of X) of Reticle 
R in the aligner 100 of this operation gestalt as shown in drawin g 4 , and Reticle R is a rate VR to the 
direction of -X at the time of exposure. It is scanned (scan). The lighting field IAR (a core is mostly in 
agreement with an optical axis AX) is projected on Wafer W through projection optics PL, and the slit-like 
projection field IA is formed. For Wafer W, since it has a handstand image formation relation, Wafer W is 
[ Reticle R ] a rate VR. Synchronizing with a direction, it is scanned by the opposite direction (the 
direction of +X) at a rate VW at Reticle R, and the whole surface of the shot field SA on Wafer W can be 
exposed, the ratio of a scan speed — VW/VR It is a thing according to the contraction scale factor of 
projection optics PL correctly, and the contraction imprint of the pattern of pattern space PA of Reticle 
R is correctly carried out on the shot field SA on Wafer W. That is, it does in this way and scan (scan) 
exposure is performed. The width of face of the longitudinal direction of the lighting field IAR is wider than 
pattern space PA on Reticle R, it is set up and the whole pattern space PA surface is illuminated by 
scanning (scan) so that it may become narrower than the maximum width of the protectionHromHight 
field ST. 

[0046] The alignment microscope 23 (about this, it mentions later) of the off-axis method as a detection 
means for detecting the location of the alignment mark (wafer mark) as a measurement mark attached to 
each shot field on Wafer W in the side face of return and projection optics PL is formed in drawing 2 , and 
the measurement result of the alignment microscope 23 is supplied to the main control unit 22 which 
controls actuation of the whole equipment. 

[0047] As said alignment microscope 23, the thing of an image-processing method is used with this 
operation gestalt. This alignment microscope 23 is constituted including image sensors, such as the light 
source which emits broadband illumination light, such as a halogen lamp, an objective lens, an index plate, 
and CCD, and the digital disposal circuit, the arithmetic circuit (all are illustration abbreviations), etc. After 
the illumination light emitted from the light source which constitutes this alignment microscope 23 passes 
the objective lens of the alignment microscope 23 interior, it irradiates on Wafer W, and the reflected light 
from the wafer mark field which is not illustrated [ of that wafer W front face ] carries out the sequential 
transparency of return, an objective lens, and the index plate to the alignment microscope 23 interior, and 
image formation of the image of a wafer mark and the image of the index on an index plate is carried out 
on image pick-up sides, such as CCD. The photo-electric-conversion signal of these images is processed 
by the digital disposal circuit, and the relative position of a wafer mark and an index is computed by the 
arithmetic circuit. This calculation result is supplied to the main control unit 22. In addition, although 
various the alignment approaches of Wafer W are proposed, they can be similarly used by other 
approaches. 

[0048] Furthermore, the focal detection system of the oblique incidence method which changes from the 
exposure optical system 28 which supplies the image formation flux of light for forming a pinhole or a slit 
image towards the best image formation side of projection optics PL from the direction of slant to the 
optical-axis AX direction, and the light-receiving optical system 29 which receives the reflected light 
bundle in the front face of the wafer W of the image formation flux of light through a slit to the aligner 100 



of this operation gestalt is prepared. This focal detection system (28 29) is supported through non- 
illustrated supporter material by the 1st column 24 shown in drawing 1 supporting projection optics PL in 
fact About the configuration of this focal detection system (28 29), it is indicated by JP.60-1681 12,A, for 
example and the position error of the vertical direction (Z direction) over the image formation side on the 
front face of a wafer is detected, and since this detecting signal drives non-illustrated Z leveling stage to 
a Z direction so that Wafer W and projection optics PL may maintain predetermined spacing, it is used. 
The detection information from a focal detection system (28 29) is sent to the stage controller 21 through 
a main control unit 22. The stage controller 21 drives Z leveling stage to a Z direction based on this 
information. 

[0049] Moreover, although illustration was omitted, with this operation gestalt, a horizontal position 
detection system which is indicated by JP.58-1 13706A for example is prepared, the inclination to the 
image formation side of the predetermined field on Wafer W is detected by this horizontal position 
detection system, and this detection information is sent to the stage controller 21 through a main control 
unit 22. The stage controller 21 carries out the inclination drive of the Z leveling stage based on this 
information. 

[0050] In a main control unit 22, by the statistics operation using a least square method which is indicated 
by JP,61-44429,A using the measurement result of the location of the wafer mark measured under the 
alignment microscope 23 Compute the array of the shot field on Wafer W, and the shot field on Wafer W is 
moved to an exposure starting position through the stage controller 21 based on this calculation result. At 
the same time it carries out the synchronous scan of Reticle R and the wafer W A focal detection system 
(28 29), Making each shot field on Wafer W in agreement with the image formation side of projection 
optics PL by driving non-illustrated Z leveling stage based on the detection information on a non- 
illustrated horizontal position detection system The image which minded the projection optics PL of the 
pattern of Reticle R under the illumination light IL for the exposure from an illumination system 3 is 
imprinted to the shot field of Wafer W. By repeating such actuation, each shot field on Wafer W is exposed 
by step - and - scanning method. 

[0051] Return and said 1st column 24 touch drawing 1 on a surface plate 6 by the four legs 24a~24d 
(however, not shown [ 24d of legs by the side of the space back ] in drawing 1 ). The acceleration sensor 
5Z1 as a sway sensor which detects the acceleration of the Z direction of the 1st column 24 in the edge 
of the direction of +Y of the top face of the superior lamella of this 1st column 24, and 5Z2 And the 
acceleration sensor 5Y1 which detects the acceleration of the direction of Y of the 1st column 24 and 
5Y2 It is prepared. Moreover, acceleration sensor 5Z3 as a sway sensor which detects the acceleration of 
the Z direction of the 1st column 24 in the edge of the direction of +X of the top face of the superior 
lamella of this 1st column 24 And acceleration-sensor 5X which detects the acceleration of the direction 
of X of the 1st column 24 is prepared. As these acceleration sensors 5Z1, 5Z2, 5Z3, 5Y1, 5Y2, and 5X, the 
semi-conductor type acceleration sensor of a piezoresistance-condenser mold or an electrostatic- 
capacity mold is used, for example. The output of these acceleration sensors 5Z1, 5Z2, 5Z3, 5Y1, 5Y2, and 
5X is also inputted into the control unit 11 (refer to an illustration abbreviation, drawing 3 , and drawing .5 
in drawing 1 ). 

[0052] moreover, in the location which counters the side face of the direction of -X by the direction edge 
side of +Y of the superior lamella of the 1st column 24 the Z direction of the 1st column 24 — the 
displacement sensor 10Z1 which detects a variation rate, and displacement sensor 10Y1 which detects 
the variation rate of the direction of Y of the 1st column 24 Displacement-sensor 10A which is unified 
and changes is arranged, the location which counters the side face of the direction of +X by the direction 
edge side of +Y of the superior lamella of the 1st column 24 — the Z direction of the 1st column 24 — 
the displacement sensor 10Z2 which detects a variation rate, and displacement sensor 10Y2 which 
detects the variation rate of the direction of Y of the 1st column 24 Displacement-sensor 10B which is 
unified and changes is arranged, the location which counters the side face of the direction of +X by the 
direction edge side of -Y of the superior lamella of the 1st column 24 — the Z direction of the 1st column 
24 — the displacement sensor 10Z3 which detects a variation rate, and displacement-sensor which 
displacement-sensor 10X which detects variation rate of direction of X of 1st column 24 is unified, and 
changes 10C are arranged. 

[0053] here — as a displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, and 10X — for example, an 
electrostatic-capacity type sensor and an eddy current — a variation rate — a sensor is used. According 



to the former electrostatic-capacity type sensor, the distance between a sensor and a measuring object 
object is detected by non-contact using electrostatic capacity being in inverse proportion to the 
electrode of a sensor, and the distance between measuring object objects (metal plate which is not 
illustrated here). Moreover, if according to the latter eddy current displacement sensor alternating voltage 
is applied to the coil beforehand wound around the insulator and it brings close to the measuring object 
which consists of a conductive ingredient (conductor) The field which an eddy current generates in a 
conductor by the alternating current field made with the coil, and is generated according to this eddy 
current It is the field and hard flow which were made by the current of a coil, and these two fields overlap, 
the output of a coil is affected, and the current strength and the phase which flow in a coil change. Since 
this change becomes so large that an object is close to a coil and it becomes so small that it is 
conversely far, the target location and a variation rate can be known by taking out an electrical signal 
from a coil. In addition, if it is made the configuration which can prevent the effect of background light, it 
is also possible to use PSD (semi-conductor light position transducer) as a displacement sensor. 
[0054] The output of a displacement sensor 10Y1, 10Y2, 10Z1, 10Z2, 10Z3, and 10X is also supplied to the 
control unit 1 1 (refer to an illustration abbreviation, dra wing 3 , and drawing 5 in drawing 1 ). 
[0055] It is attached between stanchion 35A of the portal with which actuator 32A was fixed to the side 
face of the direction of +X of the 1st column 24 by the plinth 2. Actuator 32A can consist of stator 34A 
fixed to stanchion 35A, and needle 33A attached in the 1st column 24 like the actuators 7A-7C 
mentioned above, and can give the force now in the **X direction to the 1st column 24 by adjusting the 
current which flows in the coil in needle 33A from a control unit 11. Similarly, Needles 33B and 33C are 
attached in two top faces of the 1st column 24, and the stators 34B and 34C which constitute Actuators 
32B and 32C with these needles 33B and 33C, respectively are being fixed to the stanchions 35A and 35B 
fixed to the plinth 2, respectively. The force of **Y direction can be given now to the 1st column 24 by 
adjusting the current which flows in the coil in needle 33B and 33C from a control unit 11 also in 
Actuators 32B and 32C like actuator 32A. It mentions later also about the control approach of Actuators 
32A-32C by the control device 11. 

[0056] Here, adjustment of the height of the surface plate 6 at the time of installation of an aligner 100 
and level level is explained, referring to drawing 3 . a displacement sensor 10Z1, 10Z2, and 10Z3 A 
variation rate (height) is told to a control device 11, and it is based on these data, the Z direction of the 
measured surface plate 6 — in a control device 11 While making the height of a surface plate 6 into the 
value set up beforehand, in order to maintain level level, the flow rate of the air supplied to each vibration 
removal pad through three pneumatics control circuits 37A-37C is controlled, and the height of 4A-4D is 
set as a vibration removal pad at each height. Then, the height of the vibration removal pads 4A-4D is 
maintained by each set point. Thereby, distortion does not arise in a surface plate 6 and the positioning 
accuracy of X-Y stage 20 on a surface plate 6 etc. is maintained with high precision. 
[0057] The exposure body section 40 (refer to drawing 5 ) is constituted from an aligner 100 of this 
operation gestalt by a surface plate 6, X-Y stage 20, wafer holder 20A, the 1st column 24, projection 
optics PL, the 2nd column 26, and reticle stage 27 grade. 

[0058] Next, the control system of the actuators 7A-7D for the vibration removal of this exposure body 
section 40, 32A-32C, and the vibration removal pads 4A-4D is explained centering on a control device 11 
based on the block diagram of drawing 5 . 

[0059] A control unit 11 A displacement sensor 10Z1, 10Z2, and 10Z3, 10Y1, 10Y2, 10X and an 
acceleration sensor 5Z1, and 5Z2, It has the oscillating control system as the 1st control system which 
carries out drive control of the actuators 7A, 7B, 7C, 7D, 32A, 32B, and 32C so that vibration of the 
exposure body section 40 which contains a surface plate 6 based on the output of 5Z3, 5Y1, 5Y2, and 5X 
may be controlled. 

[0060] When this is explained further in full detail, an oscillating control system A displacement sensor 
10Z1 and 10Z2, It inputs respectively through the A/D converter which does not illustrate the output of 
10Z3, 10Y1, 10Y2, and 10X. the variation rate of the 6 degree-of-freedom directions (X, Y, Z, Xtheta, 
Ytheta, Ztheta: refer to dra wing 1 ) of the center of gravity G of the exposure body section 40 — with the 
1st coordinate transformation section 42 changed into an amount (x, y, z and thetax, thetay, and thetaz) 
this 1st coordinate transformation section 42 — the variation rate of the 6 degree-of-freedom directions 
of the center of gravity after conversion — an amount (x — ) the desired value (xO — ) of the center-of- 
gravity location of the 6 degree-of-freedom directions into which y, z, thetax, thetay, and thetaz are 



inputted from the desired value output section 44 from y0\ zO, thetaxO, thetayO, and thetazO — 
respectively — reducing — the position error (deltax=x 0-x — ) of each direction of six degrees of 
freedom deltay=y0-y and deitaz=zO- z and deltathetax =thetaxO~thetax and deltathetay =thetayO-theta - 

- y and deltathetaz With six subtracters 46a-46f which compute =thetazO-thetaz, respectively position 
errors deltax, delta y, delta z, and deltathetax of each direction of six degrees of freedom deltathetay The 
location controllers XPI f YPI, and ZPI of each direction of six degrees of freedom which consist of PI 
controller which performs control action by making deltathetaz into an actuating signal, XthetaPI, 
YthetaPI, and ZthetaPI, An acceleration sensor 5Z1, 5Z2, 5Z3, 5Y1 t and 5Y2, it inputting respectively 
through the A/D converter which does not illustrate the output of 5X, and with the 2nd coordinate 
transformation section 48 changed into the acceleration (x — " — y — " — z — " — theta x 
theta — y — " — theta — z — ") of the 6 degree-of-freedom directions of a center of gravity G In this 
2nd coordinate transformation section 48, acceleration x" of the 6 degree-of-freedom directions of the 
center of gravity G after conversion, y — " — z — " — theta — x — " — theta — y — " — theta — z 

- " — respectively — finding the integral — each — a direction — a center of gravity — G — a rate — 
x — 1 — y — ' — z — ' — theta — x — ' — theta — y — ' — theta — z — ' — changing — six — a 
** — an integrator — 50 — a - 50 — f — a location — a controller — XPI — YPI — ZPI — XthetaPI - 

- YthetaPI — ZthetaPI — an output — a rate — a command — a value — x — zero — ' — y — zero — 
• — z — Z ero — ' — theta — x — zero — ' — theta — y — zero — 1 — theta — z — zero — ' — 
respectively — changing — a speed conversion — gain — 52 — a - 52 — f — this — conversion — the 
back — a rate — a command — a value — x — zero — ' — y — zero — ' — z — zero — ' — theta — 
x — zero — ' — theta — y — zero — * — theta — z — zero — ' — from — an integrator — 50 — a - 
50 — f — an output — x — 1 — y — ' — z — ' — thetax\ thetay', and thetaz — ' — respectively — 
reducing — the velocity error (deltax'=x0 — '-x' — ) of each direction of the 6 degree-of-freedom 
directions deltay-yO — -y\ deltaz -zO'-z', and deltathetax -thetaxO'-thetax' and deltathetay ' — 
=thetay0 — '-thetay' and deltathetaz ' — =thetaz0 — with six subtractors 54a-54f which compute 
thetaz' six — degrees of freedom — each — a direction — a velocity error — delta — x — ' — delta — 
y — 1 — delta — z — ' — deltathetax — ' — deltathetay The rate controllers VXPI, VYPI, and VZPI of 
each direction of six degrees of freedom which consist of 'and PI controller which performs control action 
by making deltathetaz' into an actuating signal, VXthetaPI, VYthetaPI, and VZthetaPI, The non-interfering 
count section 56 which performs the non-interfering operation for changing the amount of speed control 
of each direction of six degrees of freedom calculated by these controllers into the rate command value 
which should be generated in the location of each actuator, It has the thrust gain 58a-58g which changes 
the rate command value which should be generated in this non-interfering count section 56 in the 
location of each actuator after conversion into the thrust which should be generated with each actuator, 
respectively. 

[0061] That is, the oscillating control system of this operation gestalt is the multiplex loop-formation 
control system which has the speed-control loop formation constituted including an acceleration sensor, 
an integrator, a rate controller, etc. as the inner looping inside the position control loop formation 
constituted including a displacement sensor, a location controller, etc. 

[0062] In addition, with the equipment 100 of this operation gestalt, the desired value output section 44 
consists of microcomputers, and sets up for every mode of operation, such as exposure, alignment, and 
loading, in this desired value output section 44, without making uniform the target set point and a target 
setting range (this is explained in full detail behind). 

[0063] Moreover, it sets in this operation gestalt and said non-interfering count section 56 is a 
displacement sensor 10Z1, 10Z2, and 10Z3. Based on the output, the inclination of the surface plate 6 
produced with migration of X-Y stage 20 and a reticle stage 27 was calculated, and it also has the 
function which amends the inclination. When this is explained further in full detail, in this non-interfering 
count section 56 The regular displacement sensor 10Z1, 10Z2, and 10Z3 By carrying out the monitor of 
the output directly Calculate the inclination of a surface plate 6 (detecting) and the 1st thru/or 3rd 
pneumatics control circuit 37A-37C which constitutes the pneumatics control section 37 so that the 
vibration removal pads 4A-4D may amend the inclination of a surface plate 6 is controlled. It also has the 
function for which it is made for the rate command value which should be generated with the actuators 
7A-7D obtained as a result of the non-interfering count mentioned above not to exceed a predetermined 
value. 



[0064] Furthermore, with the equipment 100 of this operation gestalt, the feedforward input of the output 
of the scanning counter 66 is carried out at the oscillating control system through the adder 68 formed in 
the output stage of the rate controller VXPI of the direction of X. Although the synchronous scan of a 
reticle stage 27 and X-Y stage 20 is mutually carried out to a scanning direction, i.e., X shaft orientations, 
in the aligner 100 of this operation gestalt at the reverse sense in case the shot on Wafer W is exposed A 
reticle stage 27 the movable range of the reticle stage 27 concerned from an edge to an edge once per 
shot In this case, the inverse number twice of the contraction scale factor of the projection optics PL of 
the rate of X-Y stage 20 From moving at the rate of (for example, 4 times or 5 times), and moreover 
exposure being performed only in a constant-speed region A reticle stage 27 maintains acceleration and 
** target rate from ** idle state to a target rate. ** Three state transitions of moderation will be 
performed from a target rate to a idle state, the big reaction force to immediately after [ migration 
initiation of a stage 27 ] ** and ** just before a halt acts on a surface plate 6 through the 2nd column 26, 
and vibration arises in the exposure body section 40 containing a surface plate 6. Then, with the scanning 
counter 66, the feedforward input of the command value of the acceleration of a reticle stage 27 and the 
reaction force of the reverse sense tends to be carried out at an oscillating control system, and it is going 
to control the vibration immediately after migration initiation of the above-mentioned stage 27, and in 
front of a halt. 

[0065] Next, the pneumatics control section 37 for controlling the height of the vibration removal pads 
4A-4D is explained using dra wing 6 . 

[0066] This pneumatics control section 37 has the 1st thru/or 3rd pneumatics control circuit 37A-37C 
connected to the exhaust air way 120, respectively while connecting with the air-supply way 110 through 
a hand valve 101, respectively. A hand valve 101 is a bulb for making a supply pressure into ON-OFF 
manually. 

[0067] Said 1st pneumatics control circuit 37A is a circuit for controlling the flow rate of the air supplied 
to vibration removal pad 4D of the d rawing 3 space left back side, and has 1st circuit 38a in parallel with 
mutual, and 2nd circuit 38b. Regulator 102A to which 1st circuit 38a sets the pressure by the side of air 
supply, Pressure-sensor 104A which detects the pressure in the air conduit set up by this regulator 102 A, 
Fixed diaphragm 106A by the side of two drawing arranged in the air conduit in which this pressure- 
sensor 104A was prepared, i.e., jogging, and SUPIKON 105A by the side of a coarse adjustment, It is 
arranged in 3 port solenoid-valve 107A which changes fixed diaphragm 106A and SUPIKON 105A (it is 
alternatively made an ON state), fixed diaphragm 106of this solenoid-valve 107A A, and the opposite side, 
and has 2 port solenoid-valve 108A which turns the air conduit concerned itself on and off. Regulator 
102a to which 2nd circuit 38b sets the pressure of an exhaust side similarly, Pressure-sensor 104a which 
detects the pressure in the air conduit set up by this regulator 102a, Fixed diaphragm 106a by the side of 
two drawing arranged in the air conduit in which this pressure-sensor 104a was prepared, i.e., jogging, and 
SUPIKON 105a by the side of a coarse adjustment, It is arranged in 3 port solenoid-valve 107a which 
changes fixed diaphragm 106a and SUPIKON 105a, fixed diaphragm 106of this solenoid-valve 107a a, and 
the opposite side, and has 2 port solenoid-valve 108a which turns the air conduit itself [ concerned ] on 
and off. Pressure-sensor 103A which detects the supply pressure of 1st pneumatics control circuit 37 A is 
prepared in the juncture of 1st circuit 38a and 2nd circuit 38b. 

[0068] Here, the fixed diaphragms 106A and 106a are what prepared the detailed hole in hard materials, 
such as stainless steel or a ruby, by laser beam machining etc., and although the thing like 
phi300micrometer is used from phiSOmicrometer, the aperture may be replaced with this and may use a 
variable aperture like a precision needle valve (in the 2nd of the following, and the 3rd pneumatics control 
circuit, it is the same). 

[0069] The flow rate of the air supplied and exhausted by vibration removal pad 4D The pressure ratio of 
the effective sectional area of each drawing, 1st circuit (air-supply side circuit) 38a, and 1st pneumatics 
control circuit 37A, Since it is determined by the pressure ratio of 2nd circuit (exhaust side circuit) 38b 
and 1st pneumatics control circuit 37A A setup to arbitration of a flow rate is attained by the fixed 
diaphragms 106A and 106a by the side of a setup of the pressure by Regulators 102A and 102a, and 
jogging, and the change of SUPIKON 105A and 105a by the side of a' coarse adjustment. 
[0070] 2nd pressure-control-circuit 37B also has 3rd circuit 39a in parallel with mutual, and 4th circuit 
39b, and, as for 3rd circuit 39a, has regulator 102B, pressure-sensor 104B, fixed diaphragm 106B by the 
side of jogging, SUPIKON105B by the side of a coarse adjustment, 3 port solenoid-valve 107B, and 2 port 



solenoid-valve 108B. [ as well as 1st pressure-control-circuit 37A ] Moreover, 4th circuit 39b has 
regulator 102b, pressure-sensor 104b, fixed diaphragm 106b by the side of jogging, SUPIKON105b by the 
side of a coarse ac(justment, 3 port solenoid-valve 107b, and 2 port solenoid-valve 108b. Moreover, 
pressure-sensor 1Q3B which detects the supply pressure of 2nd pneumatics control circuit 37B is 
prepared in the juncture of 3rd circuit 39a and 4th circuit 39b. 

[0071] Like [ 3rd pressure-control-circuit 37C ] 1st pressure-control-circuit 37A, it has 5th circuit 40a in 
parallel with mutual, and 6th circuit 40b, and 5th circuit 40a has regulator 102C, pressure-sensor 104C, 
fixed diaphragm 106C by the side of jogging, SUPIKON 105C by the side of a coarse adjustment, 3 port 
solenoid-valve solenoid-valve 107C, and 2 port solenoid-valve 108C. Moreover, 6th circuit 40b has 
regulator 102c, pressure-sensor 104c, fixed diaphragm 106c by the side of jogging, SUPIKON105c by the 
side of a coarse adjustment, 3 port solenoid-valve 107c, and 2 port solenoid-valve 108c. Moreover, 
pressure-sensor 103C which detects the supply pressure of 3rd pneumatics control circuit 37C is 
prepared in the juncture of 5th circuit 40a and 6th circuit 40b. 

[0072] Also in the 2nd and 3rd pneumatics control circuit 37B and 37C, a flow rate can be set as 
arbitration by a setup of the pressure by the regulator, a fixed diaphragm, and the change of SUPIKON 
like 1st pneumatics control circuit 37A. 

[0073] Moreover, although the case where it was controlled by the same pneumatics network among four 
vibration removal pads, front two pieces 4A and 4B, i.e., vibration removal pads, was illustrated in drawing 
6 In the pneumatics control section 37, the trajectory which supplies air to the vibration removal pads 
4A-4D as an approach (put together) of connecting those with three line, and the pneumatics control 
circuit of each network to the vibration removal pads 4A-4D As shown in dra wing 7 (A), drawing 7 (B), and 
drawing 7 (C), various deformation is possible, and it is possible by choosing these either according to the 
center-of-gravity location of the exposure body section 40, and arrangement of the vibration removal 
pads 4A-4D to change the controllability of the amount of inclinations of the exposure body section 40 
into the optimal condition. 

[0074] Moreover, each internal pressure of the vibration removal pads 4A-4D which support the exposure 
body section 40 is decided by the weight of the exposure body section 40, the center-of-gravity location, 
and arrangement of the vibration removal pads 4A-4D. Moreover, when it is in the height and level to 
which the exposure body section 40 was set, it can act as the monitor of the pressure required for the 
vibration removal pads 4A-4D with pressure sensors 103A, 103B, and 103C. 

[0075] Next, the adjustment approach of the air flow rate supplied to a vibration removal pad is explained. 
[0076] Based on a pressure required for the vibration removal pads 4A-4D which become settled as a 
premise according to the weight of the exposure body section 40, a center-of-gravity location, and 
arrangement of the vibration removal pads 4A-4D, the fixed diaphragms 106 A, 106B, and 106C, and 106a, 
106b and 106c shall be selected. 

[0077] According to the target supply pressure to each vibration removal pad, Regulators 102A, 102B, and 
102C, and 102a, 102b and 102c are adjusted. Although hydrometry may be performed in the case of this 
adjustment, with this operation gestalt with a displacement sensor 10Z1, 10Z2, 10Z3, the non-interfering 
count section 56 of the control unit 1 1 interior, the pneumatics control section 37, and the vibration 
removal pads 4A-4D Since all or the position control loop formation amended in part is constituted in the 
inclination of a surface plate 6, it is a displacement sensor 10Z1, 10Z2, and 10Z3. Based on an output, the 
height change rate of the vibration removal pads 4A-4D is found. In addition, in the case of adjustment of 
Regulators 102A, 102B, and 102C, and 102a, 102b and 102c, it is good to follow pressure sensors 104 A, 
104B, and 104C and the monitor value of 104a, 104b ( and 104c as a guide. 

[0078] Next, adjustment of SUPIKON 105A, 105B, and 105C, and 105a, 105b and 105c is performed, and 
the flow rate by the side of a coarse adjustment is determined. 

[0079] According to the pneumatics control section 37 constituted as mentioned above, it becomes 
possible to set the gain of the position control loop formation of the surface plate 6 as a shock absorbing 
desk as the condition of the arbitration of two kinds of height by switching the control of flow of the air 
supplied to the vibration removal pads 4A-4D to two lines, a coarse adjustment and jogging. 
[0080] Next, the setting approach of the control mode according to the equipment mode of operation 
relevant to migration of X-Y stage 20 in the desired value output section 44 as a setting means 
concerning this operation gestalt is explained. Although the above-mentioned equipment mode of 
operation says each mode of operation, such as the exposure and alignment which are mentioned later, 



and loading, here, this is a part of mode of operation of the mobile concerning this invention. With this 
operation gestalt, the desired value output section 44 sets up the control mode of the exposure body 
section 40 containing a surface plate 6 by changing both the target set point, and target both [ one side 
or ] for every mode of operation. Here, setting up the target set point and a target setting range is based 
on the following reasons for every mode of operation. 

[0081] That is, if the inclination of the exposure body section 40 is taken for an example, since excimer 
laser is used as the light source 1 with this operation gestalt, the light source 1 has become every 
exception with the exposure body section 40, and even if the exposure body section 40 inclines, since the 
light source 1 does not incline, if this is left, deviation will come to produce it in the exposure location of 
exposure light by the inclination of the exposure body section 40. Therefore, the exposure body section 
40 containing a surface plate 6 is maintained into a predetermined basic posture (usually level), and it is 
necessary to make it the exposure location of exposure light become always fixed in the case of exposure 
actuation, on the other hand, in the case of the alignment actuation which measures an alignment mark 
Since the light source for alignment microscope 23 is usually prepared in the exposure body section 40 in 
one If the exposure body section 40 inclines, since the light source for alignment microscope 23 in one 
also inclines with this If it originates only in the inclination of the exposure body section 40, there is no 
possibility that an error may arise in measurement of the alignment mark location under the alignment 
microscope 23, and it is not necessary to necessarily return the exposure body section 40 to the above- 
mentioned basic posture in this case. Moreover, it is sufficient if the exposure body section 40 is 
maintained [ be / it / under / Wafer W and delivery operating-time / of Reticle R / restricting ] at the 
fixed posture at the time of loading actuation of Reticle R and Wafer W. Therefore, if the target set point 
is set up for every actuation, it can prevent that the drive of the height adjustment of the vibration 
removal pads 4A-4D, Actuators 7A-7D, and 32A-32C is performed beyond the need, 
[0082] moreover — since target setting ranges (allowable error) also differ for every above-mentioned 
actuation with a natural thing — this — uniformly — ** — if it does not carry out but will set, 
respectively — a result — a target — more than [ need ] — the drive of an actuator is avoidable. 
[0083] How to appoint a setup of the control mode for every mode of operation by the desired value 
output section 44, i.e., the target set point, and a target setting range here is explained concretely. 
[0084] ** Exposure mode of operation (the 1st mode) 

The target set point carries out coordinate transformation of the setting range of each displacement 
sensor according to the value (X**delta X, Y**deltaY, Z**deltaZ, X theta**deltaXtheta, Y 
theta**deltaYtheta, Z theta**deltaZtheta) of a location gap permissible by the shot position of the light 
source 1, and an include-angle gap, and asks for it. for example, Mitsuhara 1 is different from the 
exposure body section 40 — every — it is — a case — X=Y=Z=Xtheta=Ytheta=Ztheta= — it is referred 
to as 0 and amendment is always applied about inclination of the exposure body section 40. A target 
setting range is determined based on an allowed value required to secure light exposure. And in the 
desired value output section 44, the desired value of six degrees of freedom with the width of face of the 
target setting range centering on this target set point is outputted. 
[0085] ** Alignment mode of operation (the 2nd mode) 

When the light source for alignment is prepared in the exposure body section 40 in one, it is not 
necessary to amend the amount of inclinations, and what is necessary will be to control only vibration, as 
mentioned above. Therefore, in the desired value output section 44, the value of X, Y, Z, Xtheta, Ytheta, 
and Ztheta is made into the forecast in the halt location of X-Y stage 20 at the time of performing 
alignment actuation, and a target setting range determines it based on oscillating width of face required to 
secure alignment precision, 

[0086] The amount 4A, 4B, 4C, and 4D of inclinations of the surface plate 6 which will be the requisite for 
the decision of the above-mentioned forecast here, i.e., vibration removal pads, sinks, and it is an amount 
delta 1, delta 2, delta 3, and delta 4. The calculation approach is explained. Here, it explains taking the 
case of the case where the vibration removal pads 4A-4D have been arranged by physical relationship as 
shown in drawing 8 , the reticle stage (mass: M1) moved to the location of (r, 0) of wafer stage system of 
coordinates, Y stage (mass: M2) moved to the location of (q, p), and X stage (mass: M3) moves to the 
location of (q, 0). 

[0087] In this case, it is the force of acting on the vibration removal pads 4A, 4B, 4C f and 4D by migration 
of the center-of-gravity location of the exposure body section 40 by migration of each stage, respectively 



f1, f2, f3, and f4 When it carries out, these force can be expressed as follows. 

[0088] 

[Equation 1] 
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[0089] Thus, the force f 1 of acting on the vibration removal pads 4A-4D by migration of a center-of- 
gravity location based on the migration command value of each stage, and the weight of each stage, f2, f3, 
and f4 It asks. 

[0090] Moreover, since the spring constant of a vibration removal pad changes according to the pressure 
value in a vibration removal pad, it can be calculated from the value of the pressure sensors 103A, 103B, 
and 103C mentioned above. Therefore, it is the spring constant (function of internal pressure P) of the 
vibration removal pads 4A, 4B, 4C f and 4D ? respectively K1, K2, K3, and K4 When it carries out, the 
vibration removal pads 4A, 4B, 40, and 4D sink, and it is an amount delta 1, delta 2, delta 3, and delta 4. It 
is as follows. 
[0091] 
[Equation 2] 



54 = 



Ki 


(P) 




fa 


K a 


(P) 




fa 


K, 


<P> 




f. 


K* 


(P) 



[0092] In the desired value output section 44, therefore, at the time of an alignment mode of operation 
The migration command value and pressure-sensor 103A of each stage from the non-illustrated main 
computer, Based on the value of 103B and 103C, it sinks using (several 1) and (several 2), amounts 
deltal, delta2, delta3, and delta4 are calculated, the inclination of a surface plate 6 is predicted, and the 
target set points X, Y, and Z whose final inclinations correspond with this forecast, Xtheta, Ytheta, and 
Ztheta are defined. And in the desired value output section 44, the desired value of six degrees of 
freedom with the width of face of the target setting range centering on this target set point is outputted. 
[0093] ** Loading mode of operation (the 3rd mode) 

In this case, X-Y stage 20 (or reticle stage 27) moves to the delivery location of a predetermined wafer 
(or reticle), and should just be maintained [ be / it / under / delivery operating~time / of a wafer (or 
reticle) / restricting ] at the fixed posture. Therefore, in the desired value output section 44, the value of 
X, Y, Z, Xtheta, Ytheta, and Ztheta is made into the constant value calculated from the halt location of X- 
Y stage 20 (or reticle stage 27) at the time of delivery actuation of a wafer (or reticle), and sets up a 
target setting range based on an allowed value required to secure delivery precision. And in the desired 
value output section 44, the desired value of six degrees of freedom with the width of face of the target 
setting range centering on the target set point is outputted. 

[0094] Next, the operation in the case of scanning exposure of the aligner 100 constituted as mentioned 



above (at the time of the 1st mode) is explained. 

[0095] If an exposure mode-of-operation initiation command is made from the non-illustrated main 
computer, scanning exposure will be started by the main control unit 22 and the stage controller 21. 
Under the present circumstances, in the desired value output section 44, the desired value of six degrees 
of freedom with the width of face of the target setting range centering on the target set point in the 
exposure mode of operation mentioned above is outputted. 

[0096] Although the exposure body section 40 which the center of gravity of the exposure body section 
40 moves, and contains a surface plate 6 inclines if X-Y stage 20 and a reticle stage 27 are scanned in 
accordance with X shaft orientations in the case of this scanning exposure The displacement sensor 10Z1 
at this time, 10Z2, and 10Z3 The non-interfering count section 56 from which an output constitutes a 
control unit 11 is supplied. Moreover, the output of a displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, 
10X and an acceleration sensor 5Z1, 5Z2, 5Z3, 5Y1, 5Y2, and 5X is also supplied to the oscillating control 
system of a control unit 11. 

[0097] At the non-interfering count section 56, it is a displacement sensor 10Z1, 10Z2, and 10Z3. In order 
to calculate the inclination of a surface plate 6 based on an output and to amend this inclination, the flow 
rate of the air supplied to the vibration removal pads 4A-4D is controlled, In this case, in the non- 
interfering count section 56, while switching gain mentioned above and making high responsibility of height 
control of the vibration removal pads 4A-4D, a neutral zone is made small and sufficient convergency is 
secured. 

[0098] Thereby, the inclination of the exposure body section 40 which contains a surface plate 6 with the 
vibration removal pads 4A-4D mostly (or all) comes to be amended promptly. Moreover, the vibration 
accompanying center-of-gravity migration of the exposure body section 40 by migration of stages 20 and 
27 A displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, and 10Y2, Based on the output of 10X and an 
acceleration sensor 5Z1, 5Z2, 5Z3, 5Y1, 5Y2, and 5X, drive control of the actuators 7A, 7B t 7C, 7D, 32A, 
32B ? and 32C is carried out by the control device 11, and it is controlled effectively. In this case, the 
remainder of the inclination of the exposure body section 40 containing a surface plate 6 is amended by 
Actuators 7A, 7B, 7C f and 7D. 

[0099] Therefore, vibration of the exposure body section 40 containing a surface plate 6 is controlled 
effectively, without being influenced [ most ] by center-of-gravity migration of the exposure body section 
40 by migration of stages 20 and 27. Moreover, since most amounts of inclinations of a surface plate 6 are 
amended by control of the air flow rate supplied to the vibration removal pads 4A-4D It compares, when 
only Actuators 7A, 7B, 7C t and 7D also amend the inclination with vibration of the exposure body section 
40, The thrust needed for Actuators 7A, 7B, 7C, and 7D is controlled, the current which flows by this in 
the coil of the needle of Actuators 7A, 7B, 7C, and 7D serves as necessary minimum, and it becomes 
possible to control calorific value remarkably. Therefore, the temperature change of the environment 
where the aligner 100 was placed is controlled. 

[0100] Next, the operation at the time of an alignment mode of operation is explained. 
[0101] In this case, in the desired value output section 44, it carries out as [ mentioned / non-illustrated 
the command of the alignment mode of operation from the main computer and a stage location 
command / above / received and ], and the desired value of six degrees of freedom with the width of face 
of the target setting range centering on the target set point at the time of an alignment mode of operation 
is outputted. It is made by this to be the same as that of the time of the above-mentioned exposure 
actuation. A displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, 10X, and an acceleration sensor 5Z1, 
Based on the output of 5Z2, 5Z3, 5Y1 , 5Y2, and 5X, drive control of the actuators 7A, 7B, 7C, 7D, 32A, 
32B, and 32C is carried out by the control device 1 1, and the vibration accompanying center-of-gravity 
migration of the exposure body section 40 by migration of X-Y stage 20 is controlled effectively. However, 
since the desired value defined based on the value which predicted the inclination of the surface plate 6 
produced by migration of X-Y stage 20 in the coordinate location where it was ordered as desired value in 
this case is outputted, in order to be this inclination amendment, it is necessary to hardly perform the 
drive of the vibration removal pads 4A-4D and Actuators 7A-7D, and it becomes possible to control 
further the calorific value of Actuators 7A-7D as a result. 

[0102] At the time of a loading mode of operation, the desired value of six degrees of freedom with the 
width of face of the target setting range centering on the target set point at the time of the loading mode 
mentioned above is outputted. Furthermore, by the oscillating control system of a control unit 11, and the 



non-interfering count section 56 Actuators 7A-7D. 32A-32C, and the pneumatics control circuits 37 A~ 
37C are controlled, and the exposure body section is maintained at a fixed posture among the delivery 
operating time of a wafer (or reticle). 

[0103] The 2nd control system is constituted from this operation gestalt by the non-interfering count 
section 56 and the pneumatics control section 37 (pneumatics control circuits 37A-37C) so that clearly 
from old explanation. 

[0104] As explained above, the control mode of the exposure body section 40 which contains a surface 
plate 6 according to an equipment mode of operation by the desired value output section 44 is set up, 
and, according to this operation gestalt, oscillating control and position control of the exposure body 
section 40 are performed by controlling two or more actuators based on the output of a displacement 
sensor and a sway sensor according to this set-up control mode with a control unit (oscillating control 
system) 11. Therefore, while the target set point and the target setting range of oscillating control and 
position control come out uniformly and the control action of the efficient actuator according to an 
equipment mode of operation of them becomes possible compared with a certain case like before, the 
positioning settling time of X-Y stage 20 also becomes possible [ making it the suitable thing according to 
a mode of operation ], for example. Moreover, since it is set as the control mode to which a target setting 
range becomes large according to a mode of operation when the allowable error of vibration may be large, 
the drive of the actuator beyond the need can be avoided and it is also possible for this to prevent 
unnecessary generation of heat of an actuator. 

[0105] Moreover, when a surface plate 6 inclines by migration of X-Y stage 20 and a reticle stage 27 It is 
a displacement sensor 10Z1 to 10Z3 by the non-interfering count section 56. Based on an output, three 
pneumatics control circuits 37A-37C drive. From all or a part of the amount of inclinations of a surface 
plate 6 produced by migration of X-Y stage 20 and a reticle stage 27 being amended Even if a mode of 
operation is exposure mode and it is the case where X=Y~Z=X theta=Y theta=Z theta= 0 is set up as the 
target set point It becomes possible to reduce sharply the amount of drives of the actuators 7A-7D for 
returning a surface plate 6 to the original posture, and it becomes possible to prevent unnecessary 
generation of heat of the part actuators 7A-7D. 

[0106] Moreover, at the time of an alignment mode of operation, before X-Y stage 20 actually starts 
migration, the amount of inclinations according to the migration command value of X-Y stage 20 is 
predicted by the desired value output section 44. Since the target set point (it relates to the inclination of 
a surface plate 6) is set up so that the amount of inclinations of a surface plate 6 may be in agreement 
with the prediction result, when X-Y stage 20 moves to the location corresponding to a migration 
command value It is not necessary to drive Actuators 7A-7D, and 32A-32C for the attitude control 
(mainly inclination control) of a surface plate 6, and a control device (the 1st control system) 11 is 
sufficient if it drives only for oscillating control. Therefore, the amount of drives of an actuator is reduced 
remarkably and calorific value is controlled further. 

[0107] According to this operation gestalt, thus, by setting up the position control command value of the 
exposure body section 40 for every mode of operation Efficient control of Actuators 7A-7D, and 32A-32C 
is attained. [ required in order to acquire the optimal position control responsibility and to perform 
amendment and vibration deadening of the amount of inclinations ] It becomes possible to stop the 
vibration removal pads 4A-4D and Actuators 7A-7D, and the amount of drives of 32A-32C to the 
minimum, and enables this to suppress the effect to environmental temperature to the minimum, 
[0108] Moreover, the vibration immediately after migration initiation of the reticle stage 27 in the case of 
scanning exposure and in front of a halt is also controlled by the feedforward input of the command value 
from the scanning counter 66. 

[0109] in addition — although the above-mentioned operation gestalt explained the case where the 
vibration removal equipment concerning this invention was applied to the projection aligner of the scan 
exposure mold of step - and - scanning method — the vibration removal equipment of not only this but 
this invention — projection aligners, such as a stepper, — of course — in addition — if it is that to which 
mobiles, such as a stage, move a shock absorbing desk top It is suitably applicable. In the case of the 
above-mentioned stepper, since the stage has stopped at the time of exposure, the scanning counter is 
unnecessary. 

[0110] Moreover, although the above-mentioned operation gestalt explained the case where the shake of 
the 6 degree-of-freedom directions of the exposure object headquarters 40 was controlled using seven 



actuators and four vibration removal pads, in order that this invention may not be limited to this and may 
amend the inclination of a surface plate (shock absorbing desk), there should just be at least three 
actuators of a Z direction also about at least three and a vibration removal pad. 
[0111] 

[Effect of the Invention] As explained above, according to invention given in claims 1 and 2, there is 
outstanding effectiveness that the control action of an efficient actuator is possible and unnecessary 
generation of heat of an actuator can be prevented. 

[01 12] Moreover, according to invention given in claims 3 and 4, in addition to the effect of the invention 
of a publication, generation of heat of much more actuator can be prevented to above-mentioned claim 1. 

[0113] According to invention given in claim 5 thru/or 7, the outstanding aligner which is not in the former 
that the control action of the efficient actuator according to the mode of operation of a substrate stage is 
possible, and the temperature change of the environment by unnecessary generation of heat of an 
actuator can be controlled can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rDrawing 1] It is the perspective view showing the aligner concerning 1 operation gestalt. 

[ Drawing 2] It is the outline block diagram of each part of a configuration except the surface plate which 

constitutes the aligner of dra wing 1 , the 1st column, the 2nd column, etc. 

[Drawin g_3] It is the outline perspective view of the system which carries out drive control of the 
vibration removal pad. 

[Drawing 4] It is drawing for explaining the principle of scan exposure of the equipment of drawin g 1 . 
[ D rawing 5] It is the control-block Fig. showing the configuration of the control system of an actuator and 
a vibration removal pad. 

[Drawing 6] It is drawing showing the example of a configuration of the pneumatics control circuit for 
controlling the air flow rate supplied to a vibration removal pad. 

[ Drawing 7] (A), (B), and (C) are drawings showing the example of the connection method of the 
pneumatics control circuit to a vibration removal pad. 

[Drawing 8] It is drawing showing an example of arrangement of a vibration removal pad. 

[Description of Notations] 

4A-4C Vibration removal pad 

5Z1 to 5Z3, 5Y1, 5Y2, 5X Acceleration sensor 

6 Surface Plate (Shock Absorbing Desk) 

7A-7D, 32A-32C Actuator 

10Z1 to 10Z3 Displacement sensor 

10Y1, 10Y2 r 10X Displacement sensor 

1 1 Control Unit 

20 X-Y Stage 

23 Alignment Microscope 

27 Reticle Stage 

37 Pneumatics Control Section 

37A-37C Pneumatics control circuit 

44 Desired Value Output Section 

56 Non-interfering Count Section 

100 Aligner 

W Wafer 

R Reticle 

PL Projection optics 
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[0 0 0 9] rtU^fttf. K^Slc:J:»?#tt*^» 

LT, ^l^^T*fir<Z)^^^ttfcl^«^COfBiJ^- 

[ooio] Kfctt, #®)# 



tt, HHK««)«tMfP • OMMBWD <£>B<i 

[0011]4t l»Jg-&<D»J«i^-KfcW:, &Mi$<D 
5»»{*:<o±B»tfHr- Klcmtt, 

mmmm (r^ a x-^o»jw asprtBKfts^fcsr 
[0012] z.<Mt#>, *&wiz£ti&s mm<D^^\z. 

R^ffiEB < ft £ £ 5 ft *J» * — K Kffcfe $ *x S <o 

•e#, rntcJ:!9r^^^3i-^<05F3lft5lfftS:BSihi- 
5dfct>WtB-CfeSo 

[0013] r©»^i:fev^, ±ISO^»fro»^ 

— KfcLTHt, «K5*UfcJ: 5ft*«=oTldfta«>?>ttS i t 

ri, »#*2fcE*©»?i!a>*i<, ttB»Mtt<oiMi% 

- Kfc it, mw.nm&mwRx*&mmi&&m<Dft<DWi 

BBaTOffiKHo^SK^teftmi^Kt, ^jisb 
*R*«Xt«^H<OW#^KHW«ft* 2*- Kfc 

StffifcLT, BrJEofflWtt («*.«, ffi&g&ffiO^T 
[0014] 3 fcBtt<Z>*0§ tt, IS#3l i X «4 2 

rau «rBi*fg-& (e) «:Rft6fi3f-e«&ii:*iftJ-K»i- 

ZfrfaffilWBr*^^— *J fcV>p) (7A-7D) 

IWBI»*^yK (2A-2D) fcitt»-t-<5£«rc> 
a£*S:»J»i"<5SBE*J»lHlK (37A-37C) 

<5v^-cgfiia^jEfttjwiHiK (37A-370 Sr^wrs 

r fclcj: «9«rf2^i&* (2 0) <D»»fcJ;0££5jfflfle 
(6) <D«#4^ft< fcfc-SPSr«iE-t-$»2 
^J®^ (5 6, 3 7) *JS^*i-5rfc*:»»fci-*. 
[0 0 15] rtttCitb^ ±15^*0®^— K«)K3E^ 

^fc, »2»j»*«^J:o'raEffi't>'^<oa*^s<3v>r 

tB-&<Offl$ft«>^»Xtt— SUSIES ixs- ta»b, <S 
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[0016] m*m2Xte3\c&m<Df&mm&iz- 

EB«RJ£ffi&R:^rSJ;5lcLTfcfii,\, ro^K 

l£fnflBS«R£tt (M«0ffff£K>-T*) iWCS 
&9MHtt) (*i:U-C««IH») ofc»teraW-*£S«*s 

[0 0 17] B*3K5JJl|a*^*W«. (w) 
Sr^tSIfi^T 1 -^ (2 0) fe^fy5»«Sto 
(R) lc^$tt^^->-<Oflfc4:Sj^^ 
* (PL) Sr^UTffirBB«*S« (W) ±^fiT3tf6Jf 

iaff*3pic«»*tb/ti»«'& (e) <t 

(6) ±*T?»»i-S«9iaS«^7 t -^ (2 0) fe^tp* 
tt< itlo©»l^-i? (2 0, 2 7) &;Mrei» 
(6) Srfgft-rsaft^r^^^a:-^ (7A-7 
D, 3 2 A- 3 2 C) fc ; ffilBBfcS^ (6) OSMfcSrtfc 
(10 X, 1 0 Y x , 10 Y 2 , 10 
Z, ~1 0Z 3 ) £ ; BiJlB^M^ (6) (Dfi»£«fcltt- 
S^ib-feVf" (5X. 5Yj , 5Y 2 x 5Zj —5 
Z 3 ) sfflffiiS*^^-^ (2 0) CD^Hj{CHiii-5 
SMRflW—KWfcDT, fWI5l&«^ (6) 0»J«*- 
K*R£-*-5Rje#« (4 4) t ; ffiri2SJ»*~ KKJS 

«rga«»^>r^^-^^— ^ (7A-7D, 3 2 a— 32 
C) trMfPi-SMMKR (11) £«:*-t-5. 

[0018] m&x<r-z?(D&mzmm-rz>m 

ft) ^*45«*M©Miff*- K£«rv\ |fl*9 
[0 0 19] £fc, RfcS-&<Z>fM«He— Ktt, MjCTIO 



[0020] t^oT, *»W«cJ:*ttf, ^oipi^ 
S-fe<ofi»»J»o ISRSttRtf B liRjettB^— »-c 

TAwifr&t::, S«RS«SBB* J i£<**J:5*fW» c E~ 
£r#JftJi- <5 £fc a* Pitt 

[0021] *xn0B%3finctt« 

[0022] ±iEo®jft^€— Ki Ltfi % a^ofc^ 
«rE«3ta« (w) _b(c^$n^-^^«lffli-s«l 

W^H* (2 3) **-J-<5*fr^tt. WESfiRBf^*- K 
ttT, UMBStt*^—^ (2 0) $:^il)ttg*M 
(W) SrSSo«*tttlcttIft* Lt«fB«5tSr1r4 
5*1*- Ki, IWEMR*^-3* (20) »ibt 
ME«I±S#^ (2 3) fc±9tm^-*tr*art-*J|J2 

***asas»fi-&i«tbfcffi«icRtte>^ tttH^«3&s 

B&g-frJbtcRtt k;h/r^ Sclera, * 1 ^~ Klc*5VN 

5^Kd5fcU % ^o»jB«&^S»»j», ffiRffijffliagffi 
(±rog*S*lRjo@«R3ei£dS*) 

[0023] zcom, thmmmshft*- b*t lt x it* 

lc, iffil«^f-^ (2 0) «rgf^oS»t»Uffia— 
[0 0 2 4] 

[0025] Biisitt, —mfisMmfc&zxTy^ • r 
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«HBfi8;ia35S»*tt-cv^ 0 

[0 0 2 6] El 1 Kfc^T, ISE® <t UTO^JitcS*- 
4A-4D (fiL, Bgi^ttttSAM^BftS^^ K4D 

K4A-4 D±fc|*** i LTOft*««(Ott 6 MB 

*tt^ixottlHl?)<OlHHE*lRjSrZ 0. X 

ft£-|-X, + Y, + Z*IrK ^tbtS^cO^fRj^-X, 
-Y, -Z#rnj£ESULTJ8v>5fc(D£-rs 0 
[0 0 2 7] RK'ty K4 A— 4DI1 |£j 3 tC t> $ ft 

©R*^yK4A-4D(i, [2]3 lc^£ft6 J; 3 
oOSEfWWEIB 3 7 A, 3 7B, 3 7CSr^b"CftUffll 

ibebi i«c»iKSiT^ a«igfii i-er4fflffi«ij»iaB3 

7 A, 3 7B, 3 7C^Lt^i/^K4A-4Dl: 
ftfrh, &%<Dmt>\z±*)!&m'<y K4 A-4DOB$ 

[0 0 2 8] BUfcJStK §12 t£«6 tcomtcKas 

/< y K4 Ai:M^Jlcr^^aLai— ^ 7 AtfSK«S;h/0^ 
£ 0 r^acn— * 7 Att, -&Jffi2JilcHSSixfcH3£ 
^9AtS«6 ^jKffitcHfi * tt^l pT»^ 8 A t frbm 
^J®J^®1 1 (il-Cl^f^ El 3, 1215 

v^t>> K4 Ain«ci*»t«ixatjufcr^^- 

7B-7D^t£fi$tb (fiU Bllt?tt«Dlo* 

R5l*fc-ttL-etbffl|«i36IBi l El 
3, H)5#J&) KlJ^tfcfeStbS. 7^faX^7A 

[0 0 2 9] T?^=l^— ^7Alt MlEOfrK, 
^-gAtWSAi^^ 0Sf9Alt «x. 



[0030] &m6±\z&m7F\^tj:^m®)&®i\c£ox 

— :©x^f- ^±£Y:frftK&»^fBftY*T 

Y ^zr — i/ 2 0 t tt/T$ntP5 e 
[0 0 3 1] £fc, Jit?XY^^— v^2 O^ffltf 

4 £>_hffilC#»3fc^ PLSrHtfJ:5lC»237A26 

.Xt 1 — 2 7 7&S®©£;ft,T^£ 0 
[0 0 3 2] Mt-> Is?-? /UX-T — iS 2 7 <D±.JjlZte. 

Hl"Cttia^S:«*bfcdS, ia2^SttSflaW*3dS 

u^X, 7 (v^-rttfcEI^I*) 
4Sfl8«*S— ft3t**l 2, y i/-i/yXi 3, pfSCN 

D7^;^i4, ^;^7-fyKi5, ywi/y 

Xl6M^^n^f^;7-17 CL<D(*K J$&i£ 

Kl 5, !)u-uyXi6M^^^^?7-i 
7fc±o"CHBW36^*dM«J«Stb6) ^£^-C*/£$ 

[0033] nr-e, ^OJ&I^ 3 <Dfl?/£#S(5Ko^T 

I Ltt^pH^Oi/iry^— SriiiiLfc^ JBflSS— ft* 

— Ifft^A rFx^-v/v iF^cD^n^^ if* 

A24, » 2 a ? A 2 6*^&(KlfcttItRI} bht 

[0 0 3 4] fflBJR£*&— ft*** 1 2 a>e>7K¥l-ttffi 

3fflyjc«*i-aj:5»c, ^ND7^;^ 1 4 3&Jgs:ffi* 

[0 0 3 5] SMEl^^/V:/^^ ^Kl 5 t LTtt, UK 
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[0 0 3 6] "T^ND 37^/1^ 1 4teSi®s£#* 

-{^flWl 8 trior WL-AtL (*ai^tt*©EHB 
/i^ 1 4^£tt#U 0 0%^im-ftoT:}o9, 

R±<ommmn i ARrt(oifiMtt«--c&«. 

[0 0 3 7] pT^ND^ 1 4&t*U?-*A'?'7^ 
V K 1 5 Sriii® L7c *3£te, y u>-X 1 6 Sriiifi U 

[0 0 3 8] tfliau^^yv^x — -^2 7±|r^r^^ t U 

tt, i/f^/VRW^®^>/i< ^ I 
[0 0 3 9] i/f^;Mf-^2 7 0MM, 

ox$ft^rPicoffiBtt^^^#tf3 oicio-c, «?yx. 

f*0. 0 1 /imSAO»WtB-C*«fttWStb5. 
^^•t+S 0^bO^^W7 l -^2 7<^&Stf 

(07r-^=>yhn^7 2 1 *^LT±*J»3*B2 2lc 

#B&) ^lTi/f^;^f — i^2 7&M!rf5o 
[0 0 4 0] ^El^^f-^^T > V h^l^ 



[0 0 4 1 ] 8W5a**¥*PLfl, U?-?/U*T-i> 
2 7 0Hl&t/H2^*5ttST^BBllS^ -to*** 
ax (B8W***<o*tt 1 XK-gc) co^-f^^zW^ 

AS*, 1/5 (&<5VM*l/4) «r*prs«/h3te 

[0 0 4 2] HfJi2XY:*^ — v>2 Ote, 8»*¥*PL 

comi, Ei2^*3»tsT*^BaiastL, :©xy^t- 

-TttfcBl^tt) M!>xM;vy2 0A^Uttt 

i/SxT-iSte, ztoXfavmbRifizmzttir sum 

teas^f6fc«/*$ftTv>s„ lot, XY^f-^2 
0. z^yy^r^we^f-^aot, y 

[0 0 4 3] XY^7^2 0|iM^ (x;#fr) o 
Y2^7u^^tr|gl&$n5o 

[0 0 4 4] XY^f-^2 0O««fP^tt<jfc«t+aS^S: 
^^p) 3 1 ^bOl/- tT— A$:R»-r5««*2 5 
K^toT, W|XL« 0. 0Um§S«0 

x^id^ ^ ^jfeS*^] icfi^-T 5 ^M®§:#t 5Y» 

r^c^bTtt@t+ay^©^ 

YttfflU— !f^P*W-3 1 Y^, X$4^U- 1f^P#f+3 1 

Xtas&tfibttTi^a* (Hi, i5#I) . H2tli 

:^ys»i:»i2 5, !>x/Nf»|t3ULt 
^^^X-C^^o XY^f-^2 0Of4fM 
ffigi) l^f-^=>y hn-7 2 1 W:^f-^ 
Vhn-721 ^LtiWgf 2 2tCA^^ttTV> 
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^lTXY77-i>2 0£$!JflW<5o 
[0 0 4 5] #^lfe^ffiORft£SB 100 (C*5V^Tte, 

U-^^^R»iB*«FlC-X*rR]^i£ffiV R -c*^ (** 

£*t3o IWMiar (+'C?tt*«AXfc»aiaf 
tt * /vr £ tt«i:JieftB8{R^ fc 5 fc «>, * ch/n wtt 

V w /V R ttjE«tcaJK***PL^3B/h«*^«i:^: 
*><D{::#oT*59 , l/f^/UR^^-yS^PA^ 

«*ST<z>**««tl9t>*<3te«J;5^t£SS*t, jfelc 
[0 0 4 6] m2\cm*), S»3t^*PLOffi|ffi^W:9 

[0047] ntsmry^ *>hmmm.2 3tvxn. * 

(vvfftfcB^ffBtt &^-c«fifcS:h/r^5o :^7 
Wft#T 7^ p< > hSmgl 2 3 wvX&iiiB 

«2 3rtSIHc:Ji»!K S«fiSr«&aBB LT 



[0 04 8] *SMfi»«oB3tiSa l 0 0 

r±, a»***PLo*fitt«®^rattrtr>'^--/K 

fc^VM^y y HftS:«fi8-r5^:«><ojB<t*m**«A 

(2 8, 2 9) J*. |8R^»i«Jg***PLSr3t*.«BB 

T3c«r$ftT^S 0 (2 8, 2 9) C0« 

fiMpfco^Ttt, ffilxtf»IBBS6 0- 1 6 8 1 1 2t^ 

^v>^,^s 0 M&&Mm (28, 29) ^e>oiftaw« 

te, ±0JffiP3£B2 2$r^hUT^x— i^^^hP — 72 1 

[0 0 4 9] B^fiMMfrLfcl^ *Slft»ffi"T? 

tt, «*tf*S§BBB 58-113706 #4*«fcBM*£j|x 

¥ffiB«l Maot 3i^W±<?50f 3t««<D»«B 

[0 0 5 0] =fc»JflP3S«2 2 "Ctt, T ^ ^ hfitKtt 
SrfflVN-C, ^BS6 1 -4 4 4 2 9 -g-lJiBB^ $ tlZ> <fc 5 

7^3^^0-72 1 ^ir^AWlOi/g >^ h 
WSr^ffl^-rS^^^^^ffi^ (2 8. 2 9) , 

;ur©/^ - y©ttK*¥» p l *^ Lfcttt ?x/nw 

[00 5 1] Jtft!5!& l=«7^24fi % 4^: 

(D»^24a-24d U1.U H 1 T-ttJttffi*ffi!lOW« 

<V% \ 3^2 4<D±t5<D±®(D + Y^[p](DiSa(Cfi N 

^i=i7^24coz *«i<D*paffi ztkmi-zmm-t ^ 
b\,x<omm.&±^szi , sz a aiffii=7A2 

4<DY*I^O^a*tfetU-r5*P5£ffi-lr^5Y 1 , 5 
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5 Z 3 =*yJ±2 4<DX%fa<DmT&&*$iM-rZ> 

^5Z 1 , 5Z 2 , 5Z 3 , 5Y 1 , 5Y 2 , 5 X t 

urn, «*tfbr^^«tt»^fc«v^|>m«ikai^ 
>-»-3ftSttfflSixs. rtLfe^aoa** 

VtSZj , 5Z 2 , 5Z 3 , 5Y X , 5Y 2 , 5 X<D 

atihMfflmwi i (is i -ettBsmn*, B3* ids^ 

[0 0 5 2] & 1 ^7A2 4<Z>_L«0 + Y*|r1*S 

2 4oz*W^t53Efl:tyt 1 0 Zj % $gl 
37A2 4<DY;frft^ffi£;|&tti^3^£irVlM OY 

1 37A2 4<0±«<0 + Y*^JB»fl[|-C + X*lRjO{»Jffi 

W-rSSfffi-fe^* 10Z 2 ,fl^7A2 4 0OY^fR](O 
^ffiSrlfttUrSSEffi-fe^l 0Y 2 tf-mtiStiXf&Z 
^ffi-fe^iM 0 B^iae^tbTV^o il^7A24(0 

tioz 3 , si 37A2 4^x*rRjoaettsrtfttu-rs 

[0053] ^:-c, ftttyfioz! , ioz 2 , 

10Z 3 , 10Y lf 10Y 2 , lOX^ltlt ^»Ji 
>-1HS\ »««cKffiir ^^^^ S ti 

{S^feViH;i«fcftfcf > ^«>l63ft#tc«v^=i^/WC2fifSK« 

^x^mm^mm^m^h. zco^mm\c^ox^± 
fcmt-tZo ^(omtYt, '/ncijBvMiir*:* 

«^£JS 9 2t&o<iB, ^&£*a£1f 

[0 0 5 4] ^IfityflOY, , 10Y 2 , 10 

z 2 , ioz 2> 10Z3, 1 ox<om^i>»mmmi 

l (ilt?lil2l^f»> m 3, EI5#KU Jc:«J&SttT 



[0 0 5 5] Si 37^2 4C0 + X*^C0fl!]ffitm, T 
* 3 2 A#£j&2tC@££ftfcP^03:a3 
5 A^ff^cEt^ttttbftT^So T^^^^xi— ^32 
Ate, A~7CfcH«fcl* X 

3 5 A(£@5££ftfc@^f-3 4 AtSl ^7^2 4 K 
^«9#lte>nfe-6T»^3 3 A 3 ftOftKB 

l l^b*5jib^3 3 Art(D=i>f/M^atttS««ESrWaE-f 
S^iia^ I137A2 4CTLt±xM[:^$: 

7A2 4^±ffi2®SCT1^3 3B f 3 3Cj&Sft0«- 
ttbft, rtb^nISl^-3 3 B, 3 3 0^1)1:^^ 
x-^3 2B, 3 2C**ft^ft*|»r5@S j y-3 4 
B, 3 4 Cd3-&ffi2teH£§*bfc3£a3 5 A > 3 5 B(C 
*ft^ftH£$ftT^*. r^f^x^3 2A^W 
|C, 7^f^^32B, 3 2 ClCfe^TfcSJIBSSR 
1 1 ^^"STilj^-3 3 B, 3 3 Crt<D3>T/WC**l£«8E 
^S-r^r^lCitl, Sl^7A24l^LT±Y* 

Bl ltc££ x TP^zl^. — f 3 2 A~3 2 C«W 

[0 0 5 6 ] ^r-C, mitgiMl 0 0<Dl£BB$CD^^6 

offtl^-r<5o SEffi"fe>"tf-l OZ^ 1 0 Z 2 x 1 0 Z 3 
«^fcS!6^)Z*« GKS) sdstOfllttKi 

fc*¥i^^fcliJ^*fca^ 3 oo^H^lHlgS 3 7 
A- 3 7C^lt*ISS^y KK«IM-S3S«0** 
frIIMPUTI**/** Kid 4 A~4D(D|5$$:^n^ 
KSfcRJE-fft. ^tf>&> feI^^K4A-4DWi^ 

tt*n-ettoia:Stticjii«psttSo rfti-<fct>, 
[0057] ^^jfi^fficDB^e 100 -ctt, &m. 

6, XY^r^2 0 s !)x/4;l/^2 0A, 

A24, i8M¥*PL, $2^7^26, Xt^^^ 

/^f^2 7*:J:»)«**#»4 0 (B5#M) ^ 

[0 0 5 8] W:, Z<Dmft*#U4 0(Ofom<Olt£><D 
r^faX-^7A-7D, 3 2A-3 2CWM^ 
yK4A~4D^iJ«liov^ WJ^ISBl l£r*<i> 

[0 0 5 9] »J^B 1 1 14, SEffi-fe:^ 1 0 Z x . 1 

oz 2 , 10Z3, ioy^ ioy 2> iox&mn 

mm±>^5Z 1 % 5Z 2 , 5Z 3 , 5Y X , 5Y 2 % 
5XOffl*icS<5v^ffijB6Sr^trB**«c«HJ4 0 60^ 
»Sr»WJi-SJ: 5^T^^aai— ^ 7 A, 7B, 7 C, 
7D, 3 2 A, 32B, 3 2 CSrK»ftfJ»-J-<5ft5 1 *J» 

[0 0 6 0] ^*t«r3EUi*i6-t-Si:, tRtt«d«Xl4. K 
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fit^tlOZi , 10Z 2> 10Z 3 , lOY^ 1 
OY 2 N 1 0 XOtli^^i§]^L^V>A/D=i>'/<— 
*n*h^LTA*U Bft**»4 0<Dl^G(O6S 
SS*fR] (X, Y, Z, Xfl, Y0, Z0 :Bl#IH) 

offiffifi u, y. z, e x % e yx e z ) icaeift+a 

m&&<DMfo<D6 iS^fRjCO^S (x, y, z, 0 

^S^f^ffilOl^I (x Q , y Q , z 0 , 0 
xo > 0 yO > 0 z o) **&«1<«1*DT6 SSffi^ix 
m^^^Ottfii (Ax = x G -x, A y = y 0 - 
Y , Az = z 0 - z % A8 X = 0 xQ - 0 x , A 0 y = 0 
yO -0 y , A0 z =0 zO -0 2 ) &«vP:h«ttrt-S6 
O08»84 6a-46f^ 6 £ &&<D*tl?tl<Dlj 
faCDfomM&A x, Ay, Az, A0 X , A0 y , A0 
x Srftf^«#i: LTWJWftf^Srfi 1 * 5 P I ^yf d — 7 

a>e>j*5 6 is*©«t*i«e*t«>JSrrti«Xk«3^ hp- 7 

XP I , YPK Z P I , X 0 P I , Y 0 P I , Z0P 
I t, Z x , 5 Z 2 , 5 Z 3 , 5Y 1N 

5Y 2 , 5XOffi;^£(a^L&^A/D=>>'^— ^£<t 
fl^tl^ LtAA U S^G CO 6 g &mjjfa<Dl)m& 
(x" , y\ z" , 0 X " , 0 y '* % 0 2 " ) 

y" , z" % 0 X " , 0 y " , 0 Z " ^^tl^^^b 
"C^tt^cO^cofi^GcOatffix' , y' . z' , 0 
x \ 0 y \ 0 2 ' «»t5 6O0ai»5 0 a- 

50f t> fil3yfo-7XP I, YP I, ZP K 

X0PK Yepi, zepi offi^fcaaag^Hi 

tl^tl^&T 5 2 a — 5 2 f ^<n 

3C««OJt«ffl^«x 0 ' , y G ' , z D ' , 0 xO ' , 
9 y o > 0zo' 5 0 a -5 0 f <7)ttWjx' , 

y' , z' , 0 X ' , 0 y ' , 0, • £**T^;lx*bT 
eaift^^co-eH^Hco^coSSfflS (Ax* =x 

0 ' ~~ x ' » ^y' = y o ~~ y ' - a z ' = z 0 ' — 

z' , A0/ = 0 xO ' -0 X ' % A0 y ' = 0 yO ' - 
j^»54a-54f^ 6 S&BttDZtlZtKDjjfatD 

mmmm**' , a y \ a z \ Ae x \ a 
0 y • > A0 Z * ^m^m-^t Lr»j»»^*ff*5 p 

1 =!>• hP-7*^rt5 6 g *ffi<7>^tb^<0*rp)CD5i 
^pyhn-7VXPI, VYPI, VZPI S V X 0 
PI, VY0PK VZ0PIh rtb^co^^ hP- . 



5 8 g k&fi~fZ> 0 

[0 0 6 1 ] EP*>, 4:%tt^ffiOSIHlftiJ»^». ^ffiir 
[0 0 6 2] *IWi<7)gi 1 0 0 tfl @gf 

[0 0 6 3] *^ ^ifi^icjo^r, mftft=?mt 

H-JWI15 6H;, Jtttytl0Z x , 10Z 2 , 10Z 

ir^lM OZj , 1 0 Z 2 , 1 0 Z 3 Otli^^iEg^tc 

L) , et6«)fl»«IW^y K4A-4D^J;l9ffiiE 
J: 5 ic^EEfWSe 3 7 ^^ci-^m 1 tti* 3 o 
^JE^J«IUK 3 7 A- 3 7 C Sr«iJ« fflr3* Ufc#^ 
itnn<Dm&nibtlZ>T?7-~^-<? 7A-7Dt?16^ 

[oo6 4] ^ ^(c, ^HiS^ffico^gi o om ^ 

VXP I coW^^(C5S:*t^nfc)DP»^6 8^^bTH®] 

«w*ic7-f-K7*i7-KA*stbrv^. *mmm 
^^jfeSE^fRj, -r*fc>*>, xw^rS]^csv^^cJSfrfp]^^cj^ 

»jfe*$tt5^ nco^tcu^^/u^-r— v?2 7it 1 
'>3 5/Mcoti[l], ^^u^-^/u^-r— ^2 70"STf[) 
ttH*«^fe«*-CXY^7 1 --^2 0 03Sft©»»36^ 
3RPL<o«/hffiF*^afr*« 4fffXtt5ffiP) co 

u^^^r-— v?2 7te®&±ytmi>>t>nm& 

ffi*^«5ico3oO)btffi»^SrtT*5-i:»C7il9, 
- 2 7 <o»»BBj*B:«®Rr^ff Jhii[tt<3>^tt** *s 
2 = 7^26^ LtSS 6 fi« 6 Sr 

$t?«3t*:ft:aS4 Oicfiiaid^-f ^^T\ x*-r> 
% 6 6 IClJ; «9 x U^^/W^^ — v^2 7CO;&Q3lS£ 

ka*u ±15(0^^-^2 7 <D®mMtemmRv&± 

[0 0 6 5] K4A-4DOH*«:$i|» 
-TSfc«>offlfff6iJWffl3 7^c:o^,^rEl6^ffi^^rIftW*r 
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So 

[0 0 6 6] ^<D&f£$m& 3 7 ft, ^W)'^? 101 

«S1 2 0^-t^n«lR*tufcSl^^L»3OffiiE 
fMUPlHlK 3 7 A— 3 7 C LT^*. ¥Sh'W7 1 0 

[0 0 6 7] iHflBfg 1 <D&J£mm\5]&3 7 Ate, 121 3*fi 

1-5&«>cD|eI«-?, «3[|!Ut3WjajBl|S|K3 8 a i»2 
(UK 3 8 bir&^TLTV^o « 1 lalBS 3 8 a tt, *S^{Rij 

<ojE;ft£ES:^i-<5 i'*-* i o 2 A<t, :^)^a 
ffAtyfi04Ai, r©fE*tyti04A^Rtt 

W<£>H3©R0 1 0 6AM»»^^3yi 0 5 A 

mfeHtl*) 1 0 6 ARXfX¥=*^l 0 5 A^!9#X. 
5 («— 3^h«K#10 7A 
<t, 0 7AOBSR9 1 0 6 AtR»«||j: 

gfi«£;H, SRS«eK*<afc<0*:;*->' . *7*tZ> 2 
M^#10 8A^^ttt^o HOUSES 2 3 8 
b fit, WftW^ffi^SrKS-f S ^" — ^ 10 2a 
i:, ^<du*?=l\s-? 1 0 2 a-CKSStt^SfSliKrto 
JE*Sr«a-rsm*-fevtM 04 a 
1 0 4 ad5K»te>tb^«KlCia«$tbfe2*tt<Ott 

1?, i->s*3*,«»ffiloH^tttJ 106 a xtflMMW.co* 

#10 7 a<0@£«9 10 6a £R»ffi0fcffi«<*jh,, 3 
KS*IS^:<ot>oS:^ • ^7i"S 2 YUMR 1 0 
8ai*fL^5 0 ^llE]K3 8 a il20g§3 8 b 
t (D&m&\C\^ M 1 <OffiJE«M»liIK 3 7 AO«»|E* 

[0 0 6 8] mfetiZ H06A, 1 0 6 a ft, 

m^f) 0 3 0 0m mfe(Ot)(0^ Jtltl^^ r*b 
frfcl* (OT^2, m3CD^JE$IJ^lHl5SlCioV>T(^ 

[0 0 6 9] K4Dl^tt»Jta*«a*v5ffl* 
{RiJIhJK) 3 8 a i»l<OSJE»J«lHlK3 7 A^COJE^ 

it. m2\E}& m^Lwrnm 38b^n <o^mmm^\ 

B3 7 AtOJBE^JtiJd^o-CftSStbSO-e. 
^^10 2A, 1 0 2 a\Z.&Z>EEX<0&7£ % mhM<0 
1 0 6 A, 10 6 a^tliO^tfnyi 0 

5 A, 1 0 5 a<Dty*>mz\£&*)ffimftizmz®fe*im 

[0 0 7 0] $g 2 OEE*WJ»lHlK 3 7 B t>, » 1 Oj£^7 



■WOKS 7 Atomic. »S^3feyiJ**3Ii«B3 9 a 
<hl&4[E]K3 9 b £ Sr^TU SB 3 [MJK 3 9 a taU=F~ ^ 
^102B, H^-feVlM 0 4 B, «SIMfl<0@3£«!3 
1 0 6 B, filMRiJO^t: 0 ^ VI 0 5 B, 3#-h©i8# 
107B, 2^-^«#10 8B^^LTV^S o * 
fc, ^4 [UK 3 9 bte, U^raU-^ 10 2b, EE^ir 
>tl04b, ISSMl!l<Z>SJ&R9 10 6b, fiftM©* 
enyi05b, 3^-hi^#107b, 2y#<-hm 
iK#10 8b^tUl^ o ^3[H]K39air 
»4IhIK3 9 b bV&m&lZft. »2 0ffi£EMlPlBlVS3 

[0 0 7 1 ] S3 <DJEEAWJ»IhIK 37Ck Si O/E^ 

mmm»3 7 Atmm^ ffis^M?y**5iHiB4 o a 

<bS6(HlK4 0 b ££r^TU f 5 0K4Oa|j:I/^al/ 
^102C, BE^-fcrViM 0 4 C, «IMfl!l<Z>@£tt Q 
1 0 6 C, MbflijO^fc-^vi o 5 C, 3/K— }>©tf£# 
»10 7C, 2tK— hll#l 0 8Ct$:tLrv^ 
5o S6IHIK4 0 b iS, * 10 2c, 

jE^-fe^ io4c, mhm<Dmfe%zv 1 o 6 c , *m 

{flJO^t^Vl 0 5 c , 3xK-hll#10 7c % 2# 
-h««#l 0 8 c irSr^TbTt^S. £fc, B5IhIK4 
Oa^S6lHlK40bi: <D<&ffi&{Z^ m 3 0>ffiBE«|# 
0S&3 7 C(D&jfemt)Z&M-tZ > mjj±>>'V- 1 0 3Ctf* 

[0 0 7 2] S2, S3<D£JBEfrJ«§]K3 7 B, 3 7C 

«3vvct>, mi<o&&mw&&3 7 Atmmc w# 

[0 0 7 3] S/b, 0 6IC*5V^«:, 4fi©BS^yK 
<Dottm<D2m. -rfttefelMK^y K4 A, 4B£rfi3 

3 7^joV>Tf*, K4A-4DlC^MMt 
SSKtt3»ttfc9, #3RJttO^JE«iJtBllHlBSrlSfefi^^y 

07 (A) , H7 (B) , 17 (C) \C^£thZ>£?\Z. 

m* (ommt^m^ r> , b***if& 4 o oi^t, 

MH^^ K 4 A~ 4 D ©Kf (CJC ^ tl b v>f 
^jl^i-^r^lcij:^, K5t*#ffl4 0(0«#fio«l« 

[0 0 7 4] B^t*:fra4 OWWtSB*/^ 

K4 A~4 DO^tL^OP fc 9JEl^**:ft:SB4 OOii 
JW^fi'LHStfi, ^LT»fi^y K4A-4D©Safili:J: 

7K2|Slc^-5<i:t, BMK'<y K4 A~4 Dlc^H*JE*tt 
E*t^tl0 3A, 10 3B, 1 0 3 CCtot^ 

[0 0 7 5] J^(C, IftiR/^^ K(C«j|S&-r5SftSttfl:OgW 

[0 0 7 6] UT, 4 0 Ofifi&tf S 



-10~ 



'CHfcH, ^Ltftfi^y K4 A-4 DOgBBtaStTS 
* 5 Sfc«'< S/K4A-4D iCifiWftffi* ldg<5V >r @£ 
^H06A, 106B, 106CWl06a, 10 

6 b, i o 6 c&mfe£tix\,^z>h<nb-fZ> 0 

[oo7 7] h-\£M*fz>nm&&m?)W&c 

TKal/-^102A, 102B, 102C&C/10 
2 a, 102b, 102c^It5. 

i oz x , ioz 2> i oz 3 , ffflffligiei 

=Fmtt\rnn 5 6 , ggflE»i»» 3 7 ;at*i&«^ * k 4 a 

z x , ioz 2 , ioz 3 (o^i:S-5v^i^^K 
4 A~4D<D^£^{biI&£##>3,i: 5 iCftoTl**. 
ft**, l/^l/-^10 2A, 10 2B, 10 2CW 
10 2a, 102b, 102c 0»Sl0Bi:|4, JE^ir 
yfl04A, 104B, 104CMl04a, 10 
4 b, 1 0 4 cCD^E-^— (S^ri^tCi-^)^ £V\ 
[0 0 7 8] &|d, ^t^^yiOSA, 1 0 5 B, 10 
5CMl05a, 10 5 b, 1 0 5 c CDP^^r«V\ 

[0 0 7 9] _hlSOJ:5«CLT«^§tt^JEfflfflia5 3 
7ld£*W*, Bfc^y K4A-4Dl^tSSSO« 

[0 0 8 0] &ld, **B»»c«5R«**i:LT© 
B««ffl#SlS4 4lc:fctt*. XY^f- 1?2 0 Wf^lbld 

K^-6PT?fc5o *n*»«6Ttt. nmmm^U4 4 

ft, tfcfl^- KttUiB«R£ffi> B«R5£«6H*>-;frX 

4 o Kft 

Id, |«R£fi, @«R£ttH&R5g^S<DMU 
[0 0 8 1 ] -T&fr^, R***ffl54 0^M£4£Wd£ 

or, B*»f^^lR^tt, S«6*^tfB3fc*#fflU 0 
»ffiBd5»Jd— ffit^S <t5^-r-5j^55* s *>6. r*Ud 

#B**(*:«fB 4 O^-flcWlcRJtbttT^ao-e, 



Id, B«R3t«trR«-#-jxtf, aWKifclMI^y K4 
A~4DCOi^^I^S^r^^^Ji— ^ 7 A~7D, 3 2 
A- 3 2 C tOiMd^^^oSrESlhi-S r t ^"C# 

So 

[0 0 8 2] g^IS:^«i@B (fF^SftH) t>> M§ft 

lor * ^^^-^oiiE©)^[Hi^rs d t s e 
[0 0 8 3] ilfffl^}^4 4ici6»fp*- 

K*©*HIP*- KoR£, t4fct)l«RSC BSR 

[0 0 8 4] ®Rftfttf^-K (*1^-K) 
@«RJEtt«:, Ml <o»tttffc«-0ffF*-0S Sffig-ftt 
RXtftSt-ftLlDm (X±AX, Y±AY, Z±AZ, X 

e±Axe, Y6±ay9, ze±Aze) tdjj:cfci^ 
8Effi J fe>*<ORSttH«rffiaf3Elftb , r*«>6o 
*JRl*5«**ff»4 0 fc8UR#o»<g\ X = Y-Z = 
xe=Y0=ze=oi:U i)t*M4 0OltlwO 

■*-*^K*fF#«j:»-5vNrSfeftra. tut, Bfll 
«W*ffl4 4T(iCC0i«R^«[S:4«^i:^5 1«R3t 

[0 0 8 5] K (f£2^— K) 

T9J*> hffl*JR*s«**»«4 0^-flcWmRJtfe 
*bT^S»a\ ffl&Lfc^td, «#*<o»jE*rtT*5 

or, niaiM4 4m x, y, z, x 0 , Y 

0, Z0(Z)M, 77^^yMM^?^XY^ 

^r^rS-r^c 

[0 0 8 6] ±IB<0^jB9«Ojfc5£<DfifIffit*5 
3t*6CO«t«, -rfttofelftJR^y K4 A, 4B, 4 

c, 4D^i6 1 , 6 2 , 6 3 , 6 4 og:ai^&ld 
ov^rRP^i-6o E)8(d^^tis<}: 

B«-e»JB^y K4 A-4DM$^ 

(Ri:Ml) ^5 ^x^^r-^ISW (r, 
0) <a&»d#jgbU Y^^— (®f :M2) ^5 
(q, p) Otefi2(d^S5L, X^^-v? (ft:M3) 
# (q, 0) CO^^Id^Hlb L7t^$T01J{d ^oTMf 

So 
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[0 0 8 7] &xT-v<D&mz£zmit* 



f 4 t-tZt, Ztih<Dt)rX9t<o£ 5 



[0 0 8 8] 

[*1] 



. M*P _ M,r+ (Mg-fMs) q 

t% ~ 2 (c + d) g 2 (a + b) 



MaP 

le ~ 2 (c + d) 



M lF + (M.+M») q 
2 2 (a + b) g 



M e P , M t r + (M a +M 3 ) q 

f * = 2 Cc + d) fi+ 2 (a + b) 



f *— 2 (c + d) g + 

[0 0 8 9] Z<D&?\^ &X?—*J<0&tmWtt& 

[0 0 9 0] BfclS^y K<Dtffcffi»tt(ft|g^ K 

03A. 103B, 10 3C(OfiJ;Oait5ri:^«r 
ffi-CfcSo t^oTs B*S^K4A, 4B, 4C. 4D 
oftta£» (rtJEP(7>ia») Sr, ^rtv^tbKi , K 2 % 
K 3 % K 4 <t-t5£> (fcfi^y K4 A, 4 B, 4 C, 4 



[0 0 9 1 ] 
[&2] 



6. 



6 4 is. 



dx ~ Ki (P) 



5 2 = 

* 3== K 3 <P) 



K e (P) 
fa 



M t r + (M e +Ma) q 
2 (a + b) g 

B«*fcH**P4 4"Cf4, X, Y, Z, X0, Y0, Z0 

[0 0 9 4] ±»<OJ:5JcUr«**tt^:B*3fi 
[0 0 9 5] ^F^cD^-f v^vb 0 ^— *a>e>B3tlbf£ 

[0 0 9 6] Z.<D*3r^^Uit<D^\C s XY^r-^2 

5£> «»*»«4 0©lWliL, 3&&6£:<&trB 
»W4 0«tS^\ r^^toJHfctyf 10 



Ka (P) 

[0 0 9 2] ^oT. g«ffitti*»4 T 7 ^ ^ 

tfrh (D&*^—i/(D&W)m^m. t , i 03 

A, 10 3B, 1 0 3 C(Dmt\cm^^X, (W 1 ) , 
(»2) fefflV^ifil, 6 2, 6 3, 8 4^g 

lt«*6o«r«tmiiu r©^a« 

Ic-Sci-^J: p^, S^iS;£fltX, Y, Z, Xfl, Y 

[0 0 9 3] ®n— 7*-< V^Bbfls^E— K (13^- K) 
w<Oi§^, 0 CfcttU^yW*^ — ^2 

7) te, Br56*>**'> (Xtef^A) ogttatWfcB 



Z X , 1 0 Z; 



1 0 Z 3 OW^dSft|»»a l l 



tyfioZi , ioz 2 , ioz 3 . ioy x> 10 

Y 2 . lOXXlMPM'fe^f 5Z X , 5Z 2 , 5 

Z 3 , 5 Yj , 5Y 2 , 5X<DtH*t»J«fiiai lOg 

[0 0 9 7] *^P*'ft ff »SR 5 6 Xte, ^ffiir yflO 

z } , ioz 2 , 10Z3 ©fflAicl^tSttewfi 
v\ K4 A—4D<DS5$M»OJcS§ttSrii5<-t 

[0 0 9 8] CltLlCj:^, ^S^^/ K4 A~4DICj;o 
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2 0, 2 7©»»lcJ:SB3t*#:S54 0<DM>b&W)\zft 
9Silt ffityflOZj , 10Z 2 , 10Z 3 , 
lOY^ 10Y 2 , 1 0X&XJM)!\i&&±>y~5 Z 1% 
5Z 2 v 5Z 3 , 5Y X , 5Y 2 , 5 X 0/±J^^<5v> 

C, 7D, 3 2 A, 3 2B. 3 2CWW^, #J 

4 0(7)M^^i7^faX-^7A, 7B, 7C, 

[0 0 9 9] ftoT, £S6 *^tfB*##l8 4 0(Dfi 
^7^2 0, 2 7 0»»JdJ:S*5t*ff»4 0 

K4A-4D idtitiM-s ffi«t**o«wic xymiEtsti 

<5CO"C x yZ^zs-zr. — ^? 7 A, 7B, 7 C, 7D^(C 
J: ot8**#» 4 0 coiggfj £ £ lc^o{g#4£r fcMlE 
I'Sti'&ttlJt^T, 7^faX-^7A, 7B, 7C, 
7D(c^i:S^st8^dS«J«$^ ::*u;:j;9r*^ 

^^7A, 7B, 7C, 7 DOHTft^3^/WCl88 

rt^ii/^ 0 ttoT, K3tKB 1 0 0 ogjMtfc 
[0 10 0] ^C, T^-ftls hl&tf^E— WOflUBk: 

[oioi] !8ttfflA»4 4m ^FHI^ 

T> T^^^f yHfre- K*©B«R*«*r*-&fc-*- 
SBSR3£«fflo«Sr»o6 

>tl0Z 1 , 10Z 2> 10Z 3% 1 OYj , 1 0Y 

2 , 1 0X&tfibniS£-irV1f5 Z x % 5 Z 2 . 5 Z 3 , 

5Y 2 , 5XOffl*id*<JV^ft!HW36«l lfc 
ct!)r^f^^^7A, 7B, 7C, 7D. 3 2A, 

3 2B, 3 2 C&mW)Wffl£il* XY^f-^2 0(D# 
»tcJ:^B**#:gP4 0cdSl^#«H-#5SSi^. Sb* 

* tlitmS^LO.^ XY^f-^2 0 CO^ffij{C J: «9 £ £ 

6 <DMZ Sr^aS Ufcffi(dg<5v>T^^ bixfc B^ 

fi^y K4A~4DW7^faX-^ 7 A-7DOI& 
»*rli&iffT*5^**«ft<, tt*W«CT^^^3i— 7 

[0 10 2] ^ ^ Id. n-T^^ffijfl^r- K^Ptrii, 

* B tgRj£ffiiaoffi&J*o 6 £ Sffio B^lffl^tb^ U 

»j»sfit 1 1 (ommmwK* ^mmnn seiac 

t\ T 2^*.^—? 7 A~ 7 D > 32A-32C, £JEE 



MMeIK3 7 A-3 7Ci(>m®£tis fx-rs (Xttwf- 
[0 10 3] m*^BlW^feW€>^4J:5^, *jg 

ffi&m~e\*# =?mmnu 5 e , smmtm 3 7 (^ee 

ftJ*£P[H]&3 7 A— 3 7C) Jd«toTS5 2»J»^S«^S 
[0104] £*±RW Lfc <fc 5 IC, <t 3 

(fi»ftdfti%) 1 1 -ettroRSSixfciw**- 
4 0 oSftWW&tmiftfM^^^ 5 o r , 

T^^&^ic:, B«Kfi«Sffl^j£<ft5j:5^ftij«i^-. 

[0 10 5] £fc, XY7f-v ? 2 0, U-^^/^t 1 — 

ttJ^lCg^^T 3O0$E»[H]^3 7 A~3 7 Ctm 
XY7r^2 0, Uf^Wf-^2 7^ 
»ld £ 9 £ C 5 fflBL 6 ©«# *<0^«X tt-«*s*|jE $ 

^fli: ux = y=z = x e-Yo=ze = o^R5^$ 
cor^^^^i-^ 7A-7 vnmm&ttmzMb-r^ 

[0 10 6] ^fc, 77^^ ^hibff*- KWPKltt, B 
»«ttJ*ffl4 4iCj:^, iKXY^f^20^» 

#fia*-S^*£5fc:B«R5£«[ (£«6<offl*HcH5S 
"TS) 365R^^tt60T% XY77-^2 0»f|^ 

IW^IM bfd ^ # tc^, ffiHKBR (mi 

1 l-eit7^faX-^7A-7D, 3 2A- 
3 2 C^^I6«W (±t LT«5MM#P) COfc^ 

tfJ£!9S. ^oT, 7^f a i-^(OB»ft35JfL<fi 

[0 10 7] :oJ:3l:, ^SlSt^ffltcJ:*^, B^t*: 
*S4 0«MM^#l^-. KftlcRStS 
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^ilU^ r^faX-MA-7D, 32A-32 
c ©»*«*»J»^ pTffi t ft t) , ftXftttBMIVJESVtt 

B«^yK4A-4DX(;7^^ax^7A-7 

D. 3 2 a~3 2 coK»fl:Srft/M8Jc:aix.6r. k&~*I 
[0108] ^t, ^^r-t^flS^OBSOU^^/^^— 

[0 10 9] **3, ±IBH16»«-Ctt*:»^je:ffi5|»fi 

iE*)*^^— complete, BJtWciWL^^— 
[0 110] ^fc, ±IBSI3S6»1IB-Ctt, 7 0(07^^ 

tt^*< ^Uo, IKS'*? KfciovvCfc4>tt< £r*>3 
[0 111] 

[0 112] m&m3RTf4\CtdMcomW\££tl 
[0 113] »*«5 3&v>L7lclB*03SM^J:tb«. 

[08] 



[Ell] -HJfi^8B^«SB*3S®4r^-r^«ia^*) 

So 

[IS 2] Hl<D«3teS6««r«lfi8r<5*«, 

[04] Hlo3fi«o*aER3fe<DlBSSr»W-rSfe*0 
0-C&5 o 

[05] r^^-^&tfl&S^y K0M*p»0>«!A 
[06] IMS/^ Kfcft»Sft5a!«Krl|(Wt5*: 
[07] (A) , (B) , (C) I*, BWR^yKIC*hf 
[08] mm'<y KCOEKO— «S:^t0-C*-6 o 
4A-4C Itt^K 

5Z 1 -5Z 3> 5Y l , 5Y 2 , 5X MlSi?^ 

7A-7D, 32A~32C T?^=l^-—? 

1 0 Z x -10Z 3 ^fci?^ 
10Y lf 10 Y 2 , 10X ^ffiir^f- 

1 1 mwmm 

2 0 XY^7^ 

2 3 TvJ t^vwmwi 

2 7 U-^/KXt 1 — 

3 7 £J£ftJ$l2|5 

3 7 A— 3 7 C fflEWJ»lHJJ» 

4 4 a^nw^gp 

5 6 #^F#fUH*» 

1 0 0 mytmm 

W !>x/n 
R 2 ;V 

P L 
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[He] 
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